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1.0 INTRODUCTION

Ecological Soil Screening Levels (Eco-SSLs) are concentrations of contaminants in soil that are
protective of ecological receptors that commonly come into contact with and/or consume biota
that live in or on soil. Eco-SSLs are derived separately for four groups of ecological receptors:
plants, soil invertebrates, birds, and mammals. As such, these values are presumed to provide
adequate protection of terrestrial ecosystems. Eco-SSLs are derived to be protective of the
conservative end of the exposure and effects species distribution, and are intended to be applied at
the screening stage of an ecological risk assessment. These screening levels should be used to
identify the contaminants of potential concern (COPCs) that require further evaluation in the
site-specific baseline ecological risk assessment that is completed according to specific guidance
(U.S. EPA, 1997, 1998, and 1999). The Eco-SSLs are not designed to be used as cleanup levels
and the United States (U.S.) Environmental Protection Agency (EPA) emphasizes that it would be
inappropriate to adopt or modify the intended use of these Eco-SSLs as national cleanup
standards.

The detailed procedures used to derive Eco-SSL values are described in separate documentation
(U.S. EPA, 2003). The derivation procedures represent the collaborative effort of a
multi-stakeholder group consisting of federal, state, consulting, industry, and academic
participants led by the U.S. EPA Office of Solid Waste and Emergency Response.

This document provides the Eco-SSL values for cadmium and the documentation for their
derivation. This document provides guidance and is designed to communicate national policy on
identifying cadmium concentrations in soil that may present an unacceptable ecological risk to
terrestrial receptors. The document does not, however, substitute for EPA's statutes or
regulations, nor is it a regulation itself. Thus, it does not impose legally-binding requirements on
EPA, states, or the regulated community, and may not apply to a particular situation based upon
the circumstances of the site. EPA may change this guidance in the future, as appropriate. EPA
and state personnel may use and accept other technically sound approaches, either on their own
initiative, or at the suggestion of potentially responsible parties, or other interested parties.
Therefore, interested parties are free to raise questions and objections about the substance of this
document and the appropriateness of the application of this document to a particular situation.
EPA welcomes public comments on this document at any time and may consider such comments
in future revisions of this document.

2.0 SUMMARY OF ECO-SSLs FOR CADMIUM

Cadmium is a naturally occurring rare element that does not have any known essential or
beneficial biological function (Eisler, 1985; OSHA, 1992) and is widely distributed in the earth's
crust (http://toxnet.nlm.nih.gov). It may enter the environment during the mining, ore processing,
and smelting of zinc and zinc-lead ores; the recovery of metal by processing scrap; the melting
and pouring of cadmium metal; the casting of alloys for coating products (telephone cables,
electrodes, sprinkling systems, fire alarms, switches, relays, circuit breakers, solder, and jewelry);
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the combustion of coal and fossil fuels; use in paint, pigment, and battery manufacture, and the
production of sewage-sludges and phosphate fertilizers (Hutton, 1983; Shore and Douben, 1994;
and Van Enk, 1983).

Cadmium's initial route of entry to the environment is often via the atmosphere. When released, it
generally occurs as particulate matter and is subject to dry and wet deposition. Although
anthropogenic releases are as small particles, most cadmium appears to be deposited relatively
close to its source. Since it occurs naturally in the earth's crust, cadmium may also enter the
atmosphere from the weathering of rocks, windblown soil, and volcanoes. However, these
sources are minor compared with anthropogenic ones.

In the environment, cadmium occurs as a divalent metal that is insoluble in water, but its chloride
and sulfate salts are freely soluble (Eisler, 1985). If released or deposited on soil, cadmium is
largely retained in the surface layers of soil. Cadmium is adsorbed to soil but to a much lesser
extent than most other heavy metals. The most important soil properties influencing adsorption
are pH and organic content. Adsorption increases with pH and organic content. Therefore,
leaching is more apt to occur under acid conditions in sandy soil. Other studies indicate that
cadmium adsorption correlates most with the cation exchange capacity of the soil (CEC)
especially when the soil is saturated in divalent cations. In soil, cadmium is expected to convert
to more insoluble forms, such as cadmium carbonate in aerobic environments and cadmium
sulfide in anaerobic ones (http://toxnet.nlm.nih.gov).

The availability of cadmium to organisms in the environment is dependent on a number of factors
including pH, Eh, and chemical speciation (Eisler, 1985). Cadmium is taken up by plants from
soils and translocated with subsequent transfer through the terrestrial food chain (Shore and
Douben, 1994). The most important soil factors influencing plant cadmium accumulation are soil
pH and cadmium concentration. Soil cadmium is distributed between a number of pools or
fractions, of which only the cadmium in soil solution is thought to be directly available for uptake
by plants. Soil pH is the principal factor governing the concentration of cadmium in the soil
solution. Cadmium adsorption to soil particles is greater in neutral or alkaline soils than in acidic
ones and this leads to increased cadmium levels in the soil solution. As a consequence, plant
uptake of cadmium decreases as soil pH increases (WHO, 1992; http://toxnet.nlm.nih.gov).

The main routes of cadmium absorption for mammals are via respiration and ingestion. Factors
that are reported to affect dietary cadmium absorption from the GI tract include age, sex,
chemical form, levels of protein, levels of calcium and the presence of other elements (Nriagu,
1981). Cadmium-induced effects associated with oral intake include nephrotoxicity and also
possible effects on the liver, reproductive organs, and the hematopoietic, immune, skeletal, and
cardiovascular systems (Shore and Douben, 1994).

The Eco-SSL values derived to date for cadmium are summarized in Table 2.1.
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Table 2.1 Cadmium Eco-SSLs (mg/kg dry weight in soil)
Wildlife
Plants Soil Invertebrates
Avian Mammalian
32 140 0.77 0.36
Eco-SSL values were derived for all
receptor groups. The Eco-SSL values Ls
for cadmium range from 0.36 mg/kg
dry weight (dw) for mammalian
wildlife to 140 mg/kg dw for soil e
invertebrates. With the exception of | s o X X
the mammalian value, these Eﬂ x
concentrations are higher than the ?:,’
50™ percentile of reported S °
background soil concentrations in L
eastern and western U.S. soils (0.23 I
and 0.40 mg/kg dw, respectively) 0
(Figure 2.1). Background East West
concentrations reported for many ) :
metals in U.S. soils are described Figure 2.1 Typical Background X 4 Maximim
in Attachment 1-4 of the Eco-SSL gzgfnei?ltrrnatifr{; ngoils <+ osh
guidance (U.S. EPA, 2003). o 7
«4+— S0th
<+— 25th
3.0 ECO-SSL FOR TERRESTRIAL PLANTS e

Of the papers identified from the literature search process, 716 papers were

selected for acquisition for further review. Of those papers acquired, 62 met all 11 Study
Acceptance Criteria (U.S. EPA, 2003; Attachment 3-1). Each of these papers were reviewed and
the studies were scored according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 3-2).
Fifty-nine received an Evaluation Score greater than ten (U.S. EPA, 2003; Attachment 3-1).
These studies are listed in Table 3.1.

The studies in Table 3.1 are sorted by bioavailability score. There are fourteen studies eligible for
Eco-SSL derivation with a bioavailability score of two. These results are used to derive the plant
Eco-SSL for cadmium (U.S. EPA, 2003; Attachment 3-2). The Eco-SSL is the geometric mean
of the maximum acceptable toxicant concentration (MATC) values for fourteen test species under
different test conditions (pH and % organic matter (OM)) and is equal to 32 mg/kg dw.
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Table 3.1 Plant Toxicity Data - Cadmium

Bio-

Tox Value-

Total

Eligible for

Reference Study Test Organism SoilpH | OM % |availability| ERE Tox Soil Conc. | Evaluation | Eco-ssr, | Usedfor
ID Parameter L. Eco-SSL?
Score (mg/kg dw) Score Derivation?
Singh and Jeng, 1993 Ryegrass ns 6.0 0.1 2 GRO MATC 22 14 Y Y
Adema, 1989 a_ [Lettuce Lactuca sativa 5.1 3.7 2 GRO MATC 57 16 Y Y
Adema, 1989 b |Tomato Lycopersicon esculentum 5.1 3.7 2 GRO MATC 57 16 Y Y
Adema, 1989 ¢ |Oats | dvena sativa 5.1 3.7 2 GRO MATC 18 16 Y Y
LehoczKy et al, 1996 b |Com Zea mays 4.2 4.43 2 GRO MATC 71 14 Y Y
LehoczKy et al, 1996 ¢ |Garlic L Allium sativum 4.2 4.43 2 GRO MATC 22 14 Y Y
Monette, 1978 Barley Hordeum vulgare 6.9 1.9 2 GRO MATC 9 12 Y Y
Kelly, 1979 a__ |White pine Pinus strobus 4.8 1.9 2 GRO MATC 39 12 Y Y
Kelly, 1979 b |Yellow birch Betula allenghaniensis 4.8 1.9 2 GRO MATC 39 12 Y Y
Kelly, 1979 ¢ |Choke cherry Prunus virginiana 4.8 1.9 2 GRO MATC 39 12 Y Y
Kelly, 1979 d _|Loblolly pine Pinus taeda 4.8 1.9 2 GRO MATC 39 12 Y Y
Dixon, 1988 b |Red oak Quercus rubras 6.0 1.5 2 GRO MATC 14 16 Y Y
Taylor, 1974 Alfalfa |Medicago sativa 6.4 1.0 2 GRO MATC 79 11 Y Y
Geometric Mean| 32
Data Not Used to Derive Plant Eco-SSL
LehoczKy et al., 1998 b |Lettuce Lactuca sativa 4.3 4.4 2 GRO LOAEC 10 15 N N
Dixon, 1988 a |Red oak Quercus rubras 6.0 1.5 2 GRO MATC 32 16 N N
Gunther, 1990 a |Oats | Avena sativa 6.1 1.3 2 GRO ECs 239 12 N N
Gunther, 1990 b |Turnip Brassica rapa 6.1 1.3 2 GRO ECs 69 12 N N
Cieslinski, 1996 a  |Strawberry Fragaria X ananassa Duch. 5.1 0.5 2 GRO cnbd cnbd 14 N N
Mahler et al., 1987 Corn Zea mays 5.5 2.58 2 GRO LOAEC 5 12 N N
Taylor, 1981 d |Alfalfa |Medicago Sativa 6.9 1.7 2 GRO NOAEC 250 15 N N
Taylor, 1981 f |Alfalfa |Medicago Sativa 6.9 1.7 2 GRO NOAEC 250 15 N N
Lehoczky et al, 1996 d |Spinach Spinacia deracea 4.2 4.43 2 GRO LOAEC 10 14 N N
Kelly, 1979 Yellow poplar Liriodendron tulipifera 4.8 1.9 2 GRO NOAEC 100 12 N N
Zaman, 1998 a |Radish [Raphanus sative 6.9 1.0 2 GRO LOAEC 100 11 N N
Zaman, 1998 a |Radish [Raphanus sative 6.9 1.0 2 GRO LOAEC 100 11 N N
Zaman, 1998 a |Radish [Raphanus sative 6.9 1.0 2 GRO LOAEC 100 11 N N
Zaman, 1998 b |Radish [Raphanus sative 6.9 1.0 2 GRO LOAEC 50 11 N N
Zaman, 1998 b |Radish [Raphanus sative 6.9 1.0 2 GRO LOAEC 50 11 N N
Zaman, 1998 b |Radish [Raphanus sative 6.9 1.0 2 GRO LOAEC 50 11 N N
Zaman, 1998 b |Radish [Raphanus sative 6.9 1.0 2 PHY LOAEC 50 11 N N
Rehab, 1978 b |Cotton Gossypium spp. 6.8 1.3 2 GRO LOAEC 300 12 N N
Kelly, 1979 ¢ |Yellow poplar Liriodendron tulipifera 4.8 1.9 2 GRO NOAEC 100 12 N N
Miles and Parker, 1979 a  |(7 species, pooled together) (7 species, pooled together) 4.8 1.9 2 GRO MATC 17 11 N N
Miles and Parker, 1979 b |(7 species, pooled together) (7 species, pooled together) 4.8 1.9 2 GRO MATC 17 13 N N
Miles and Parker, 1979 ¢ |(7 species, pooled together) (7 species, pooled together) 4.8 1.9 2 GRO MATC 55 11 N N
Singh and Nayyar, 1994 b |Cowpea Vigna unguiculata 8 0.3 1 GRO MATC 2 14 Y N
Singh and Nayyar, 1994 ¢ |Egyptian clover Trifolium alexandrinum L 8 0.3 1 GRO MATC 2 14 Y N
Singh and Nayyar, 1994 d |Indiana clover |Melilotus parviflora Desv. 8 0.3 1 GRO MATC 2 14 Y N
Singh and Nayyar, 1994 ¢ |Maize Zea mays L. 8 0.3 1 GRO MATC 35 14 Y N
Singh and Nayyar, 1994 f |Oats | Avena sativa 8 0.3 1 GRO MATC 4 14 Y N
Singh and Nayyar, 1994 ¢ |Pearl millet Pennisetum glaucum 8 0.3 1 GRO MATC 2 14 Y N
Singh and Nayyar, 1994 a |Alfalfa |Medicago sativa 8 0.3 1 GRO LOAEC 1 14 N N
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Table 3.1 Plant Toxicity Data - Cadmium

Study Bio- Tox Tox Value- Total Eligible for Used for
Reference Test Organism Soil pH OM % | availability ERE Soil Conc. | Evaluation Eco-SSL
ID Parameter L. Eco-SSL?
Score (mg/kg dw) Score Derivation?
Data Not Used to Derive Plant Eco-SSL
Singh and Nayyar, 1994 h |Teosinte Zea mexicana 8 0.3 1 GRO LOAEC 1 14 N N
Adema, 1989 d |Lettuce Lactuca sativa 7.5 1.4 1 GRO MATC 6 15 N N
Adema, 1989 ¢ |Tomato Lycopersicon esculentum 7.5 1.4 1 GRO LOAEC 3 15 N N
Adema, 1989 f |Oats L Avena sativa 7.5 1.4 1 GRO MATC 18 15 N N
Miles and Parker, 1980 Black-eyed susan \Rudbeckia hirta 4.7-6.9 0.138-3.47 1 GRO EC,5 10 11 Y N
Miles and Parker, 1980 Wild bergamot |Monarda fistulosa 4.7-6.9 0.138-3.47 1 GRO EC,;5 6 11 Y N
Miles and Parker, 1980 Little bluestem | Andropogon scoparius 4.7-6.9 |0.138-3.47 1 GRO EC,s 12 11 Y N
Lehoczky et al, 1996 a |Garlic L Allium sativum 6.8 5.7 1 GRO MATC 71 13 Y N
Lehoczky et al., 1998 a |Lettuce Lactuca sativa 6.8 5.7 1 GRO NOAEC 10 14 N N
Singh et al, 1989 a |Wheat (var LW 711) Triticum aestivim L. 8.1 0.3 1 GRO MATC 18 11 Y N
Singh et al, 1989 b |Wheat (var LW 711) Triticum aestivim L. 8.1 0.3 1 GRO MATC 35 11 Y N
Dang, 1990 C  |Onion L Allium cepa 8.3 0.5 1 GRO LOAEC 50 11 N N
Dang, 1990 F  |Fenugreek Trigonella poenum 8.3 0.5 1 GRO LOAEC 50 11 N N
Mahler et al., 1987 Cormn Zea mays 6-6.4 2.58-4.64 1 GRO LOAEC 5 11 N N
Taylor, 1981 d |Alfalfa |Medicago sativa 6.9 4.8 1 GRO MATC 177 14 N N
Sadana, 1987 a |Wheat Triticum aestivim L. 8.40 0.45 1 GRO LOAEC 10 11 N N
EC,, = Effect concentration for 10% of test population ns = Not specified
EC,; = Effect concentration for 25% of test population OM = Organic matter content
ECs, = Effect concentration for 50% of test population PHY = Physiology
ERE = Ecologically relevant endpoint REP = Reproduction
GRO = Growth Y =yes
LOAEC = Lowest observed adverse effect concentration cnbd = Could Not Be Determined
MATC = Maximum acceptable toxicant concentration. Geometric mean of NOAEC and LOAEC. Bioavailability Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
N=No Total Evaluation Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
NOAEC = No observed adverse effect concentration
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4.0 ECO-SSL FOR SOIL INVERTEBRATES

Of the papers identified from the literature search process, 239 papers were selected for
acquisition for further review. Of those papers acquired, 32 met all 11 Study Acceptance Criteria
(U.S. EPA 2003; Attachment 3-1). Each of these papers were reviewed and the studies were
scored according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 3-2). Forty-seven
studies received an Evaluation Score greater than ten. These studies are listed in Table 4.1.

The studies in Table 4.1 are sorted by bioavailability score. There are ten studies eligible for Eco-
SSL derivation and all were used to derive the soil invertebrate Eco-SSL for cadmium (U.S. EPA,
2003; Attachment 3-2). The Eco-SSL is the geometric mean of the MATC or EC,, values for
three test species under six different test conditions (pH) and is equal 140 mg/kg dw.

5.0 ECO-SSL FOR AVIAN WILDLIFE

The derivation of the Eco-SSL for avian wildlife was completed as two parts. First, the toxicity
reference value (TRV) was derived according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-5). Second, the Eco-SSL (soil concentration) was back-calculated for each of three
surrogate species representing different trophic levels based on the wildlife exposure model and
the TRV (U.S. EPA, 2003).

5.1 Avian TRV

The literature search completed according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment
4-1) identified 1,953 papers with possible toxicity data for either avian or mammalian species.

Of these studies, 1,766 were rejected for use as described in Section 7.5. Of the remaining
studies, 35 contained data for avian test species. These papers were reviewed and the data were
extracted and scored according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 4-3 and 4-
4). The results of the data extraction and review are provided as Table 5.1. The complete results
are included as Appendix 5-1.

Within the reviewed papers, there are 93 results for biochemical (BIO), behavior (BEH),
physiology (PHY), pathology (PTH), reproduction (REP), growth (GRO), and survival (MOR)
effects that meet the Data Evaluation Score of >65 for use to derive the TRV (U.S. EPA, 2003;
Attachment 4-4). These data are plotted in Figure 5.1 and correspond directly with the data
presented in Table 5.1. The no-observed adverse effect level (NOAEL) results for growth and
reproduction are used to calculate a geometric mean. This result is examined in relationship to
the lowest bounded lowest-observed adverse effect level (LOAEL) for reproduction, growth, and
survival to derive the TRV according to procedures in the Eco-SSL guidance (U.S. EPA, 2003);
Attachment 4-5).

A geometric mean of the NOAEL values for reproduction and growth was calculated at 1.47 mg
cadmium/kg bw/day. This value is lower than the lowest bounded LOAEL for reproduction,
growth, or survival. Therefore, the TRV is equal to the geometric mean of NOAEL values for
reproduction and growth and is equal to 1.47 mg cadmium/kg bw/day.

Eco-SSL for Cadmium 6 March 2005



Table 4.1 Invertebrate Toxicity Data - Cadmium

Bio-

Tox Value

Total

Eligible for

Reference Study Test Organism Soil | oM | availability | ERE| . 1 | (Soil Conc at|Evaluation| Eco-ssr | Us¢d for
ID pH Parameter L Eco-SSL?
Score mg/kg dw) Score Derivation?
Van Gestel et al., 1992 a |Earthworm |Eisenia andrei 6.0 | 10.0 1 REP MATC 13 16 Y Y
Crommentuijn et al., 1993 Springtail |Folsomia candida 6.0 | 10.0 1 REP| MATC 220 16 Y Y
Van Gestel and Van Diepen, 1997 Springtail |Folsomia candida 5.6 | 10.0 1 POP ECy 6 16 Y Y
Van Gestel et al., 1991 a |Earthworm |Eisenia andrei 6.7 | 10.0 1 GRO| MATC 24 16 Y Y
Sandifer and Hopkin, 1997 Springtail |Folsomia candida 6.0 | 10.0 1 REP| MATC 600 16 Y Y
Crouau et al., 1993 a |Springtail |Folsomia candida 6.0 | 10.0 1 REP| MATC 108 15 Y Y
Sandifer and Hopkin, 1996 a |Springtail |Folsomia candida 6.0 | 10.0 1 REP| MATC 600 14 Y Y
Sandifer and Hopkin, 1996 ¢ |Springtail |Folsomia candida 45 [ 100 1 REP| MATC 600 14 Y Y
Sandifer and Hopkin, 1996 b |Springtail |Folsomia candida 50 | 10.0 1 REP| MATC 600 14 Y Y
Kammenga et al., 1996 Nematode |Plectuc acuminatus 55| 10.0 1 REP | MATC 566 14 Y Y
Geometric Mean| 142

Data not Used to Derive Soil Invertebrate Eco-SSL

Donkin and Dusenbery, 1994 Nematode |Caenorhabditis elegans 4 42 2 MOR LCy 7 13 N N
Korthals et al., 1996 Nematode |Total nematode fauna 4.1 32 2 REP | NOAEC 160 13 N N
Peredney and Williams, 2000b a |Nematode |Caenorhabditis elegans 4 1.14 2 MOR LCy 268 13 N N
Peredney and Williams, 2000b b |Nematode |Caenorhabditis elegans 4 1.14 2 MOR LCsp 371 13 N N
Peredney and Williams, 2000b ¢ |Nematode |Caenorhabditis elegans 4 42 2 MOR LCy 937 13 N N
Peredney and Williams, 2000b d |Nematode |Caenorhabditis elegans 4 42 2 MOR LCsp 1215 13 N N
Van Gestel and Van Dis, 1988 a |Earthworm |Eisenia fetida 4.1 1.7 2 MOR LCy >1000 14 N N
Vonk et al., 1996 ¢ |Springtail |Folsomia candida 52 24 2 REP ECso 125 18 N N
Vonk et al., 1996 e |Springtail |Folsomia candida 49 3.8 2 REP ECy, 49 18 N N
Vonk et al., 1996 h |Earthworm |Eisenia fetida 54 2.4 2 GRO ECs 393 17 N N
Vonk et al., 1996 j |Earthworm |Eisenia fetida 4.9 38 2 GRO ECs, 332 17 N N
Wohlgemuth et al., 1990 e |Springtail |Folsomia candida 5.0 3.0 2 REP | NOAEC 120 12 N N
Conder and Lanno, 2000 Earthworm |Eisenia andrei 6.5 | 10.0 1 MOR ILL 112 16 N N
Crommentuijn et al., 1995 Springtail |Folsomia candida 62 | 10.0 1 REP ECso 123 15 N N
Fitzpatrick et al., 1996 Earthworm |Eisenia fetida 6.5 | 10.0 1 MOR LCs 298 13 N N
Honeycutt et al., 1995 Earthworm |Eisenia fetida 6.5 | 10.0 1 MOR| NOAEC 1000 11 N N
Neuhauser et al., 1986, 1985 Earthworm |Eisenia fetida 6.0 | 10.0 1 MOR LCs 876 14 N N
Peredney and Williams, 2000a Nematode |Caenorhabditis elegans 4 10 1 MOR LCs, 1,641 12 N N
Peredney and Williams, 2000b e |Nematode |Caenorhabditis elegans 4 10 1 MOR LCy 1642 12 N N
Peredney and Williams, 2000b f |Nematode |Caenorhabditis elegans 4 10 1 MOR LCsp 1852 12 N N
Phillips et al., 1996 Earthworm |Fisenia fetida 6.0 | 10.0 1 MOR| NOAEC 200 13 N N
Spurgeon and Hopkin, 1995 Earthworm |Eisenia fetida 6.1 | 10.0 1 GRO ECso 215 15 N N
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Table 4.1 Invertebrate Toxicity Data - Cadmium

Study ‘ Soil Bio- Tox Tox Value Total Eligible for Used for
Reference Test Organism OM% | availability | ERE (Soil Conc at|Evaluation| Eco-SSL
ID pH Parameter L Eco-SSL?
Score mg/kg dw) Score Derivation?
Data not Used to Derive Soil Invertebrate Eco-SSL
Spurgeon et al., 1994 Earthworm |Eisenia fetida 6.3 | 10.0 1 REP ECso 46 15 N N
Van Gestel and Hensbergen, 1997 Springtail |Folsomia candida 6.0 | 10.0 1 REP ECs 40 15 N N
Van Gestel et al., 1993 Earthworm |Eisenia andrei 6.0 | 10.0 1 REP | LOAEC 10 15 N N
Vonk et al., 1996 a |Springtail |Folsomia candida 5.0 10 1 REP ECy 101 17 N N
Vonk et al., 1996 b |Springtail |Folsomia candida 6.5 10 1 REP ECs, 223 17 N N
Vonk et al., 1996 d |Springtail |Folsomia candida 6.5 2.4 1 REP ECy, 112 17 N N
Vonk et al., 1996 f |Earthworm |Eisenia fetida 54 | 100 1 GRO ECs 410 16 N N
Vonk et al., 1996 g |Earthworm |Eisenia fetida 6.9 | 10.0 1 GRO ECy 358 16 N N
Vonk et al., 1996 1 |Earthworm |Eisenia fetida 69 ] 24 1 GRO ECs 343 16 N N
Wohlgemuth et al., 1990 a |Springtail |Folsomia candida 7.5 0.0 1 REP | NOAEC 21 11 N N
Wohlgemuth et al., 1990 b |Springtail |Folsomia candida 7.3 0.5 1 REP | NOAEC 67 11 N N
Wohlgemuth et al., 1990 ¢ |Springtail |Folsomia candida 7.2 1.0 1 REP | NOAEC 67 11 N N
Van Gestel and Van Dis, 1988 b |Earthworm |Eisenia fetida 7.0 7.7 0 MOR LCsp >1000 12 N N
Wohlgemuth et al., 1990 d |Springtail |Folsomia candida 70 50 0 REP | NOAEC 210 11 N N
Wohlgemuth et al., 1990 f [Springtail |Folsomia candida 7.5 3.5 0 REP | NOAEC 380 11 N N
EC,, = Effect concentration for 10% of test population N=No
EC5, = Effect concentration for 50% of test population NOAEC = No observed adverse effect concentration
ERE = Ecologically relevant endpoint OM = Organic matter content
GRO = Growth POP = Population
ILL = Incipient lethal level REP = Reproduction
LCs, = Concentration lethal to 50% of test population Y = Yes
LOAEC = Lowest observed adverse effect concentration Bioavailability Score described in Guidance for Developing Eco-SSLs (U.S.EPA, 2003)
MATC = Maximum acceptable toxicant concentration Total Evaluation Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
MOR = Mortality
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Table 5.1 Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Cadmium
Page 1 of 2
. £
2le| § @
$1=12] 5 |4 @ 2 2| B
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Biochemical
1 [Cain et al, 1983 366 [Mallard (4nas platyrhychos ) 4 | M|FD| 12 | w 1 d [JV| B |CHM| HMGL | BL| 0.858 75
2 |Blalock and Hill, 1988 386 [Chicken (Gallus domesticus) 4| U|FD| 2 W 1 d [JV|NR|CHM| HMGL | BL| 1.02 2.04 76
3 |Pilastro et al, 1993 433 [Starling (Sturnus vulgaris') 3| U|FD| 22 |w| NR |[NR|[AD| B |ENZ | CYTC | LI 1.44 7.21 70
4 |Congiu et al, 2000 25893 [Starling (Sturnus vulgaris) 3| M|FD| 22 | w| NR |[NR|MA| B |CHM| GLTH | LI 2.57 13.8 80
5 |Lefevre et al, 1982 392 [Chicken (Gallus domesticus) 31 U|FD| 5 w 1 d [JV|NR|CHM| HMCT | BL| 9.68 71
6 |Di Giulio and Scanlon, 1984 183 [Mallard (Anas platyrhychos ) 41 U|FD| 42 [d]| 11 |mo|JV| M |CHM| URIC |[NR]| 12.5 37.6 77
7 |Jordan and Bhatnagar, 1990 3736 |Pekin Duck (Anas platyrhynchos) 21 U|IFD| 12 |w]| 7 |mo|JV]| F |ENZ| GSTR | LI 2.76 69
8 |Donaldson, 1985 429 [Chicken (Gallus domesticus) 21 U|IFD| 3 w 1 d [JV| M |CHM| NEFA | BL 5.04 70
9 |Freeland and Cousins, 1973 7011 |Chicken (Gallus domesticus ) 21 U|FD| 2 w 1 d [JV| M |CHM| HMCT | BL 9.75 70
10 |Richardson et al, 1974 371 [Japanese Quail (Coturnix japonica) 2| U|FD| 4 w 1 d |JV| B |CHM| HMCT | BL 11.5 70
11 |Rama and Planas, 1981 6468 |Chicken (Gallus domesticus ) 21 U|FD| 2 w 1 d [JV|NR|CHM| HMCT | BL 13.0 70
12 |Van Vleet et al, 1981 80 |Duck (4nas sp.) 3| U/[FD]| 15 d| NR [NR|JV| M |ENZ| GLPX | BL 13.4 69
13 |Spivey et al, 1971 7101 |Japanese Quail (Coturnix japonica) 2| U|FD| 2 w 1 d | JV|NR|CHM| HMCT | BL 14.7 70
Behavior
14 |Congiu et al, 2000 25893 [Starling (Sturnus vulgaris) 3| M|FD| 22 | w| NR |[NR|MA| B |FDB | FCNS |WO| 14.4 70
15 |White and Finley, 1978 396 [Mallard (4nas platyrhychos ) 4| M|FD| 9 | d 1 yr |AD| B |FDB [ FCNS |WO| 16.9 66
16 |White et al 1978 399 [Mallard (Anas platyrhynchos ) 4| M|FD| 9 | d 1 yr |AD| B |FDB | FCNS |WO| 21.1 70
17 |Di Giulio and Scanlon, 1984 183 [Mallard (4nas platyrhychos ) 4| U|FD| 42 [ d]| 11 |mo|JV| M |FDB | FCNS [WO| 41.1 70
18 [Silver and Nudds, 1995 410 [Amercian black duck (4nas rubripes) 2| M|FD| 106 | d | NR |NR|AD| B | BEH| ACTV |WO 0.265 | 78
19 |Lefevre et al, 1982 392 [Chicken (Gallus domesticus) 3| U|FD| 5 w 1 d | JV|NR|FDB | FCNS |WO 0.708 | 74
20 |Fadil and Magid, 1996 5265 |Chicken (Gallus domesticus) 31 UI|DR| 30 | d 1 d | JV|NR|FDB | WCON |WO 1.05 67
21 |Sell, 1975 807 |Chicken (Gallus domesticus) 2| U|FD| 6 d| 16 |mo|LB| F |FDB | FCNS |WO 2.40 73
22 |Bafundo et al. 1984 8500 |Chicken (Gallus domesticus) 31 U|FD| 14 | d 8 d |JV| M |FDB | FEFF |WO 4.80 72
23 |Pritzl et al, 1974 403 |Chicken (Gallus domesticus) S|{U|FD| 20 [d]| 2 JV| M |FDB | FCNS |WO 9.57 73
Physiology
24 [Bokori et al, 1996 375 [Chicken (Gallus domesticus) [3Julrm] 5 [w] iu]alovIMm]pay]roev]wol 124 T 371 |79
Pathology
25 |Mayack et al, 1981 393 [Wood duck (4ix sponsa) 4 | M|FD| 12 | w 1 w |[JV| B | HIS| GHIS | KI| 0.559 5.72 80
26 |Lefevre et al, 1982 392 |[Chicken (Gallus domesticus) 3| U|FD| 5 w 1 d | JV[NR|ORW| ORWT |LU| 0.708 7.08 78
27 |Bokori et al, 1996 375 |[Chicken (Gallus domesticus) 3| U|[FD| 39 |w| 14 d [JV|M|ORW| SMIX | LI| 0.799 2.40 79
28 |Cain et al, 1983 366 [Mallard (4nas platyrhychos ) 4 | M|FD| 12 | w 1 d |[JV| B |JORW|ORWT| LI| 0.858 69
29 |White and Finley, 1978 396 [Mallard (4nas platyrhychos ) 4| M|FD| 9 | d 1 yr [AD| B |ORW| ORWT | KI 1.22 16.9 77
30 |Pilastro et al, 1993 433 [Starling (Sturnus vulgaris') 3| U|[FD| 22 |w| NR |NR|AD| B |ORW| SMIX | LI 1.44 7.21 73
31 |White et al 1978 399 [Mallard (4nas platyrhynchos ) 4| M|FD| 60 | d 1 yr [AD| B |ORW| SMIX | KI 1.53 21.1 81
32 |Congiu et al, 2000 25893 [Starling (Sturnus vulgaris) 3| M|FD| 22 | w| NR |NR|[MA| B |ORW| SMIX | LI 2.57 13.8 83
33 |Di Giulio and Scanlon, 1984 183 [Mallard (4nas platyrhychos ) 41 UI|FD| 42 [ d]| 11 |mo|JV| M |ORW| ORWT | AR| 3.74 11.2 80
34 |Di Giulio and Scanlon, 1985 389 [Mallard (4nas platyrhychos ) 3| U|FD| 42 [d] 32 | w|IV]| M |ORW|ORWT | KI| 4.20 72
35 |Cain et al, 1983 366 [Mallard (4nas platyrhychos ) 2| M|FD| 12 | w 1 d |[JV| B | HIS | NPHR | KI 0.858 | 78
36 |Rao et al., 1989 818 |Pekin Duck (Anas platyrhynchos) 21 U|IFD| 12 |w] 6 |mo|JV]| F | HIS | GLBM | KI 1.92 72
37 |Rao et al, 1989 817 |Pekin Duck (Anas platyrhynchos) 21 U|IFD| 13 |w] 7 |mo|JV]| F | HIS| GHIS | KI 2.76 72
38 |Bokori et al, 1995 378 [Chicken (Gallus domesticus) 4| U|FD| 5 w| 21 d [JV| M| HIS | GHIS | KI 3.71 73
39 |Bokori, et al, 1995 379 [Japanese Quail (Coturnix japonica) 4| U|IFD| 37 | d| NR |NR|SM| F | HIS | GHIS | PS 7.65 73
40 |Richardson et al, 1974 371 [Japanese Quail (Coturnix japonica) 2| U|FD| 4 w 1 d |JV| B |ORW| SMIX |HE 11.4 73
41 |Richardson and Fox, 1974 402 [Japanese Quail (Coturnix japonica) 2| U|FD| 4 w 1 d |JV| B | HIS | GLSN | IN 12.8 73
42 |Pritzl et al, 1974 403 |Chicken (Gallus domesticus) 2| U|FD| 20 | d]| 2 w [JV]| M |JORW| SMIX | LI 53.4 72
43 |Van Vleet et al, 1981 80 |Duck (4nas sp.) 2| U|[|FD| 28 d | NR |[NR|JV]| M | HIS | NCRO |[MU 66.9 72
Reproduction
44 |Leach et al, 1978 398 [Chicken (Gallus domesticus) 2| U|[IFD| 12 | w 8 |mo|LB| F | REP | EGPN |[WO| 0.593 2.37 82
45 |Leach et al, 1978 398 [Chicken (Gallus domesticus) 3| U|FD| 12 |mo| 6 |mo|LB| F | REP | PROG |WO| 0.593 2.37 82
46 |Bokori et al, 1996 375 |[Chicken (Gallus domesticus) 1| U|FD| 39 |w| 14 d [IM| M| REP | TEWT | TE| 0.799 2.40 85
47 |White and Finley, 1978 396 [Mallard (4nas platyrhychos ) 1|{M|FD| 9 | d 1 yr |AD| F | REP | Other |NR| 1.53 21.1 83
48 |White et al 1978 399 [Mallard (4nas platyrhynchos ) 1| M|FD| 90 | d 1 yr |[AD| B | REP | TEWT | TE 1.53 21.1 87
49 |Di Giulio and Scanlon, 1985 389 [Mallard (4nas platyrhychos ) 1|{U|FD| 42 [ d| 32 | w|IJV| M|REP| TEWT | TE| 4.20 73
50 |Sell, 1975 807 |Chicken (Gallus domesticus) 1| U|FD| 23 d]| 16 |mo|LB| F | REP | PROG |WO 2.40 79
51 |Bokori et al, 1995 378 [Chicken (Gallus domesticus) 2| U|FD| 5 w| 21 d |JV| M| REP| TEDG | TE 3.71 79
52 |Bokori, et al, 1995 379 [Japanese Quail (Coturnix japonica) 1| U|FD| 37 | d | NR |[NR|LB| F | REP | PROG |WO 7.65 79
53 |Richardson et al, 1974 371 [Japanese Quail (Coturnix japonica) 1| U|FD| 6 w 1 d |JV| M| REP| TEWT | TE 10.4 79
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Table 5.1 Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Cadmium
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Growth
54 |Jacobs et al, 1978 400 [Japanese Quail (Coturnix japonica) 6| U|FD| 7 d 7 d |IV| B |GRO| BDWT |WO| 0.125 69
55 |Stoewsand et al 1986 356 [Japanese Quail (Coturnix japonica) 2| M|FD| 63 d 1 d |IV| B |GRO| BDWT |WO| 0.260 75
56 |Lefevre et al, 1982 392 [Chicken (Gallus domesticus) 3|U|FD| 5 |w]| 1 d [ JV[NR]|GRO| BDWT |WO| 0.708 7.08 82
57 |Leach et al, 1978 398 [Chicken (Gallus domesticus) 4| U|FD| 6 |w]| 1 d [IV| M |GRO| BDWT |WO| 0.826 3.30 81
58 |Cain et al, 1983 366 [Mallard (4nas platyrhychos ) 4 | M|FD| 12 [w] 1 d [JV| B |GRO| BDWT |WO| 0.858 82
59 |Hill, 1974 1369 |Chicken (Gallus domesticus) 2| U|FD| 2 |w]| 1 d [JV| B |GRO| BDWT |WO| 1.25 76
60 |Bokori et al, 1996 375 |[Chicken (Gallus domesticus) 3|U|FD| 4 [w] 14 | d |JV]| M |GRO|BDWT|WO] 1.55 4.66 83
61 |Hill 1979 397 [Chicken (Gallus domesticus) 4| U|FD| 2 |w]| 1 d [IV| F |GRO| BDWT |WO| 1.72 3.44 82
62 |Hill, 1974 92 |Chicken (Gallus domesticus) 6| U|FD| 2 |w]| 1 d [JV| B |GRO| BDWT |WO| 1.72 3.44 82
63 |Di Giulio and Scanlon, 1985 389 [Mallard (4nas platyrhychos ) 3| U|FD| 42 [d] 32 | w |IV]| M |GRO|BDWT |WO] 4.20 78
64 |Blalock and Hill, 1988 386 [Chicken (Gallus domesticus) 4| U|FD| 2 |w]| 1 d [JV[NR]|GRO| BDWT |WO| 4.24 68
65 |Mayack et al, 1981 393 [Wood duck (4ix sponsa) 4 [ M|FD]| 12 [w] 1 w |JV| B | GRO| BDWT |WO| 5.76 73
66 |Hill 1979 397 [Chicken (Gallus domesticus) 2| U|FD| 2 |w]| 1 d [IV| F |GRO| BDWT |WO| 6.44 74
67 |Di Giulio and Scanlon, 1984 183 [Mallard (Anas platyrhychos ) 4| U|FD]| 42 [d] 11 |mo|JV| M |GRO|BDWT |WO] 12.5 37.6 84
68 |Fadil and Magid, 1996 5265 |Chicken (Gallus domesticus) 3| U|DR| 30 | d 1 d [ JV[NR]|GRO| BDWT |WO 1.05 71
69 |Hill, 1990 8125 |Chicken (Gallus domesticus) 2| U|FD| 18 | d 1 d [IV| F |GRO| BDWT |WO 4.26 76
70 |Bafundo et al. 1984 8500 |Chicken (Gallus domesticus) 2| U|FD| 14 | d 8 d [IV| M |GRO| BDWT |WO 4.80 76
71 |Hill, 1974 1369 |Chicken (Gallus domesticus) 2| U|FD| 2 |w]| 1 d [IV| B |GRO| BDWT |WO 4.90 76
72 |Bokori et al, 1995 378 [Chicken (Gallus domesticus) 4| U|FD] 1 [w] 21 | d |IV]| M |GRO|BDWT |WO 5.63 77
73 |Pritzl et al, 1974 403 |Chicken (Gallus domesticus) S|{U|FD| 20 [d]| 2 w | JV]| M | GRO| BDWT |[WO 9.57 77
74 |Freeland and Cousins, 1973 7011 |Chicken (Gallus domesticus ) 2| U|FD| 2 w 1 d |IV| M |GRO| BDWT |WO 9.75 77
75 |Richardson et al, 1974 371 [Japanese Quail (Coturnix japonica) 2| U|FD| 4 w 1 d |IV| B |GRO| BDWT |WO 12.2 77
76 |Richardson and Fox, 1974 402 [Japanese Quail (Coturnix japonica) 2| U|FD| 4 w 1 d |IV| B |GRO| BDWT |WO 12.8 77
77 |Rama and Planas, 1981 6468 |Chicken (Gallus domesticus ) 2| U|FD| 3 w 1 d | JV|NR|GRO| BDWT |WO 13.0 77
78 |Hill, 1980 395 [Chicken (Gallus domesticus) 2|U|FD| 1 |w]| 1 d [IV| F |GRO| BDWT |WO 13.8 69
79 |Spivey et al, 1971 7101 |Japanese Quail (Coturnix japonica) 2| U|FD| 2 w 1 d | JV|NR|GRO| BDWT |WO 14.7 77

Survival
80 |Bokori et al, 1996 375 |[Chicken (Gallus domesticus) 3|U|FD]| 12 [w] 14 | d |IV]| M |[MOR| MORT |WO] 3.00 78
81 |Blalock and Hill, 1988 386 [Chicken (Gallus domesticus) 4| UI|FD| 3 |w]| 1 d [ JV[NR|MOR| MORT |WO| 4.24 69
82 |Mayack et al, 1981 393 [Wood duck (4ix sponsa) 4 [ M|FD]| 12 [w] 1 w |JV| B |[MOR| MORT |WO| 5.78 74
83 [Hill, 1974 92 |Chicken (Gallus domesticus) 6| U|FD| 5 |w]| 1 d [IV| B |MOR| MORT |WO| 8.59 77
84 |Pritzl et al, 1974 403 [Chicken (Gallus domesticus) S|U|FD] 20 | d] 2 | w|[IV| M |MOR| MORT |WO| 9.57 14.3 84
85 |Richardson et al, 1974 371 [Japanese Quail (Coturnix japonica) 2| U|FD| 4 w 1 d | V| B |MOR| MORT |WO| 10.5 69
86 |Van Vieet et al, 1981 80 |Duck (dnas sp.) 3(|U|[|FD| 15 [ d | NR [NR|JV| M |[MOR| MORT |WO] 13.4 77
87 |Spivey et al, 1971 7101 |Japanese Quail (Coturnix japonica) 2| U|FD| 2 w 1 d | JV|NR|MOR| MORT |WO| 14.2 69
88 |Bokori, et al, 1995 379 [Japanese Quail (Coturnix japonica) 4| U|FD| 37 [ d | NR [NR|SM| F |MOR| MORT |WO] 153 30.6 84
89 |White and Finley, 1978 396 [Mallard (4nas platyrhychos ) 4 | M|FD| 9 | d 1 | yr |AD| B |[MOR| MORT |[WO] 16.9 80
90 |White et al 1978 399 [Mallard (Anas platyrhynchos ) 4 | M|FD| 9 | d 1 | yr |AD| B |MOR| MORT |[WO] 21.1 84
91 |Bokori et al, 1995 378 [Chicken (Gallus domesticus) 4| U|FD] 4 [w] 21 | d |IV]| M |[MOR|MORT |WO] 223 44.6 84
92 |Hill, 1974 1369 |Chicken (Gallus domesticus) 2| U|FD| 2 |w]| 1 d [JV| B |MOR| MORT |WO 4.90 77
93 |Van Vleet et al, 1981 80 |Duck (Anas sp.) 2| U|FD]| 28 [ d | NR |[NR|JV| M |[MOR| MORT |WO 66.9 77

ACTV = general activity levels; AD = adult; AR = adrenal gland; B = both; BDWT = body weight changes; BEH = behavior; BL = blood; BR = brain; CHM = chemical changes;
CYTC = NADPH cytochrome C reductase; d = days; DR = Drinking water; EGPN = egg production; ENZ = enzyme changes; F = female; FCNS = food consumption; FD = food;
FDB = feeding behavior; FDCV =food conversion efficiency; FE = feathers; FEFF = feed efficiency; GCHM = general biochemical; GE = gestation; GHIS = general histology;
GRO = growth; GLBM = glomerular basement membrane; GLPX = gluathione peroxidase; GLSN = gross lesions; GLTH = glutathione; GRS = gross wasting; GSTR =
glutathione S-transferase; HE = heart; HIS = histology; HMCT = hematocrit; HMGL = hemoglobin; IN = intestine; JV = juvenile; KI = kidney; LB = laying bird; LI = liver;
LOAEL = lowest observed adverse effect level; LU= lung; M = male; M = measured; m = months; MA = mature; MOR = mortality, MORT = mortality; MU = multiple; NCRO =
necrosis; NEFA = fatty acids, nonesterified; NOAEL = no observed adverse effect level; NPHR = nephrosis; NR = Not reported; OR = other oral; ORW = organ weight changes;
ORWT = organ weight; PHY = physiology; PROG = progeny counts; PS = pancreas; REP = reproduction; SM = sexually mature; SMIX = weight relative to body weight; SURV -
URIC = uric acid; w = weeks; WCON = water consumption; WO = whole organism
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Figure 5.1 Avian TRV Derivation for Cadmium
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- Paired values from same study when joined by line

- No-Observed Adverse Effect Dose

Vildlife TRV Derivation Process Data Evaluation Score

1) There are at least three results available for two test species within the growth, reproduction, and mortality effect groups.
There are enough data to derive a TRV.

2) There are three NOAEL results available within the growth and reproduction effect groups for calculation of a geometric mean.
4) The geometric mean is equal to 1.47 mg cadmium/kg bw/d and is lower than the lowest bounded LOAEL within the reproduction, growth and survival effect groups.

5) The avian wildlife TRV for cadmium is equal to 1.47 mg cadmium/kg bw/day which is the geometric mean of the NOAEL values for growth and reproduction.
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5.2 Estimation of Dose and Calculation of the Eco-SSL

Three separate Eco-SSL values were calculated for avian wildlife, one for each of three surrogate
receptor species representing different trophic levels. The avian Eco-SSLs were calculated
according to the Eco-SSL guidance (U.S. EPA, 2003) and are summarized in Table 5.2.

Table 5.2 Calculation of the Avian Eco-SSLs for Cadmium

TRYV for Concentration of

Surrogate Receptor Cadmium Food Ingestlgn Soil Ingest{on Cadmium 1‘n2]3310ta Eco-SSL
Grou (mg dw/k Rate (FIR) as Proportion Type (i)~ (mg/kg dw)*
P EOWKE | (kg dw/kgbw/d) | of Diet (P)? (B) &
bw/d)
(mg/kg dw)

. . In(B;) = 0.546 *
Avian herbivore 147 0.190 0.139 In(Soil.) - 0.475 28
(dove) i

where 1 = plants

Avian ground In(B;)=0.795 *
insectivore 1.47 0.214 0.164 In(Soil;) +2.114 0.77
(woodcock) where 1 = earthworms

In(B,)= 04723 *
147 0.0353 0.057 In(Soil)) - 1.2571 630
where 1 = mammals

Avian carnivore
(hawk)

' The process for derivation of wildlife TRV is described in Attachment 4-5 of U.S. EPA (2003).
2 Parameters (FIR, P, B, values, regressions) are provided in U.S. EPA (2003) Attachment 4-1 (revised February 20053).
? B, = Concentration in biota type (i) which represents 100% of the diet for the respective receptor.
*HQ =FIR * (Soil, * P, + B)) / TRV) solved for HQ=1 where Soil, = Eco-SSL (Equation 4-2; U.S. EPA, 2003).
NA = Not Applicable

6.0 ECO-SSL FOR MAMMALIAN WILDLIFE

The derivation of the Eco-SSL for mammalian wildlife was completed as two parts. First, the
TRV was derived according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 4-5).

Second, the Eco-SSL (soil concentration) was back-calculated for each of three surrogate receptor
species based on the wildlife exposure model and the TRV (U.S. EPA, 2003).

6.1 Mammalian TRV

The literature search was completed according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-2) and identified 1,953 papers with possible toxicity data for cadmium for either
avian or mammalian species. Of these studies, 1,766 were rejected for use as described in
Section 7.5. Of the remaining papers, 145 contained data for mammalian test species. These
papers were reviewed and the data were extracted and scored according to the Eco-SSL guidance
(U.S. EPA, 2003; Attachment 4-3 and 4-4). The results of the data extraction and review are
summarized in Table 6.1. The complete results are provided as Appendix 6-1.
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Cadmium
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Biochemical
1 |Watanabe et al, 1986 632 [Mouse (Mus musculus) 6| M |FD 2 yr 7 w |AD| F | CHM | HMGL | BL 0.042 0176 | 80
2 |Weigel et al 1984 655 |Rat (Rattus norvegicus ) 3|1 U|FD| 40 d | NR |NR|SM| M | CHM | RBCE [BL 0.218 0.556 71
3 [Cousins etal 1977 670 |Rat (Rattus norvegicus ) 3] UJ|FD| 14 | w| NR |NR|IV| M| CHM | Other | KI 0.268 1.34 75
4 [Watanabe et al, 1986 632 [Mouse (Mus musculus) 5] M |FD 2 yr | 10 w |GE| F | CHM | CALC [BO| 0.438 11.8 78
5 [Mitsumori et al., 1998 591  |Rat (Rattus norvegicus ) 5] U |FD 2 |mo| 5 w |JV]| F | CHM | HMGL | BL 0.467 2.33 75
6 |Whelton et al, 1997 597  [Mouse (Mus musculus) 3] U|FD| 254 | d 68 d |GE| F | CHM | CALC |FM| 0.548 5.48 75
7 |Bhattahcaryya, 1991 797 |Mouse (Mus musculus ) 31 U([FD| 252 | d [70-100 d |GE] F | CHM | CALC | BO 0.623 6.23 73
8 [Kotsonis and Klassen, 1978 778 |Rat (Rattus norvegicus ) 4| U |DR 9 w | 70 d |V M| CHM | PRTL |UR| 0.810 2.15 72
9 [Weber and Reid 1969 677  [Mouse (Mus musculus) 4] U |FD 3 w | NR |NR|IJV]|] B | CHM | Other |BO| 0815 4.08 75
10 |Kodama et al., 1989 507 _|Dog (Canis familiaris ) 6| UJ|FD| 50 | w 8 mo|JV] B | CHM | CREA |UR| 0833 417 74
11 [Doyle etal, 1974 3703 |[Sheep (Ovis aires ) 5| U[FD| 163 | d 4 mo|JV| M| CHM | HMCT | BL 0.928 1.73 77
12 |Sutou, et al, 1980 443 |Rat (Rattus norvegicus ) 41 U |JGV] 9 W 5 w |JV]| M| CHM | RBCE | BL 1.00 10.0 76
13 |Takashima et al 1980 563 |Rat (Rattus norvegicus ) 41 U |FD| 19 |mo| NR |[NR]|IV| M | CHM SODI | FM 1.04 5.18 74
14 |Loeser and Lorke, 1977 446 |Dog (Canis familiaris ) 51 U |FD 3 |mo| 46 |[mo]IV]| B | ENZ ALPH | LI 1.36 70
15 |Chetty et al, 1980 650  |Rat (Rattus norvegicus ) 41 U [FD 4 w | NR [NR|IV| M| ENZ | GENZ | LI 2.18 4.36 76
16 |Whanger and Weswig, 1970 22300 |Rat (Rattus norvegicus) 51 U [FD 8 w | 21 d |IV| B | CHM | GBCM | BL 222 4.45 75
17 |Yuyama 1982 710 |Rat (Rattus norvegicus ) 41 U [FD 2 W 5 w |IV| M| ENZ Other | KI 2.65 10.6 75
18 |Zielinska-Psuja et al, 1979 569 |Rat (Rattus norvegicus ) 31 U [FD 3 |mo| NR |NR|JV| M| HRM | TSTR | SR 5.40 54.0 74
19 |Bhattahcaryya, 1991 797 [Mouse (Mus musculus) 3] UJ|FD| 252 | d [70-100 d |SM]| F | CHM | CALC | BO 6.23 69
20 |Wlostowski and Krasowska, 1999 25890 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo|JV| M| CHM | MCPR | LI 6.29 12.6 32
21 [Weigel et al 1987 629 |Rat (Rattus norvegicus ) 3| M [FD 8 w | NR [NR|IV| M| ENZ | AATT | BL 0.0729 | 69
22 [Merali and Singhal, 1980 639 |Rat (Rattus norvegicus ) 31 U [GV] 45 d 1 d |IV|M]| CHM | GLUC | BL 0.100 | 77
23 |Rastogi et al 1977 753 |Rat (Rattus norvegicus ) 31 U [GV] 30 d 1 d |JV|NR| CHM | Other [ BR 0.100 | 72
24 [Bakry etal, 1992 772 |Rat (Rattus norvegicus ) 21 U [GV] 8 w | NR [NR|IJV] B | CHM | CALC |FM 0143 | 77
25 |Schumann et al., 1996 594 |Rat (Rattus norvegicus ) 2| U |DR 7 d 57 d |V M| CHM | HMGL | BL 0.570 | 66
26 |Dobryszycka et al., 1984 707 __|Rat (Rattus norvegicus ) 21 U[GV| 3 |mo| 3 |mo|AD] B | ENZ | LADH | KI 1.04 67
27 |Mitra et al, 1995 783 |Rat (Rattus norvegicus ) 2| M |FD 6 W 1 mo | JV|NR| CHM | PCLV | BL 1.85 69
28 |Cousins etal., 1973 502 |Pig (Sus scrofa) 51 U [FD 6 w | 55 d IV M| CHM | HMCT | BL 1.91 71
29 |Rajanna et al, 1984 637 |Rat (Rattus norvegicus ) 41 U ([FD| 120 | d 6 w |IV|M] CHM [ GLUC | SR 1.97 70
30 |Sasser etal., 1985 9321 |Rat (Rattus norvegicus ) 41 U |DR| 21 d 5 mo|GE|] F | CHM | GCHM | LI 2.76 66
31 |Wilson et al 1940 825 |Rat (Rattus norvegicus ) 6| UJFD| 100 | d | NR [NR|IV| M | CHM | HMCT | BL 278 70
32 |Groten et al, 1991 615 |Rat (Rattus norvegicus ) 2| M |FD| 28 d 5 w |JV] F | ENZ AATT | PL 2.80 75
33 |Osuna and Edds, 1980 494 |Pig (Sus scrofa) 2| M |FD 2 w | NR |NR|IJV|I M| CHM | HMGL | BL 3.59 75
34 [Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 21 U [DR| 170 | d | NR |[NR|AD|] F | ENZ ACPH | LI 3.73 66
35 |Suzuki and Yoshida 1978 768 |Rat (Rattus norvegicus ) 2| UJ|FD| 180 | d | NR |[NR|IV| M | CHM | HMGL | BL 3.79 70
36 |Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 21 U [DR| 170 | d | NR |NR|GE|] F | ENZ SCDH | LI 3.93 66
37 |Suzuki and Yoshida, 1978 572 |Rat (Rattus norvegicus ) 2| U|JFD| 14 d | NR |[NR|JV]| M| CHM | HMGL | BL 4.06 71
38 |Suzuki and Yoshida 1979 780 |Rat (Rattus norvegicus ) 41 U |FD| 28 d | NR |[NR|JV]| M| CHM | HMGL | BL 4.58 70
39 |Chmielnicka and Sowa, 1996 21073 |Rat (Rattus norvegicus ) 2| U|DR| 20 d | NR |[NR|GE| F | CHM | MCPR | LI 4.59 69
40 |Suzuki and Yoshida 1979 780 |Rat (Rattus norvegicus ) 2| U |FD| 14 d| NR |[NR|JV]| M| CHM | HMGL | BL 4.91 70
41 |Wlostowski et al, 2000 25891 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo|JV| M| CHM | MCPR | KI 5.00 79
42 |Iguchi and Sano, 1982 556 |Rat (Rattus norvegicus) 31 U [FD 6 w | NR [NR|YO| M | ENZ | GENZ | BO 5.01 70
43 |Webster, 1978 824  [Mouse (Mus musculus) 2| U |DR| 19 d| NR |[NR|GE| F | CHM | PCLV | BL 534 71
44 |Kadiiska et al, 1985 19290 [Rat (Rattus norvegicus ) 2| U |DR| 30 d | NR |[NR|JV]| M| ENZ P450 LI 5.39 69
45 |Lynchetal., 1976 3711 |[Cattle (Bos taurus) 21 U|JOR| 63 d | NR |NR|IV| M| ENZ ALAD | BL 5.74 72
46 |Pond et al, 1973 583 |Pig (Sus scrofa) 2|1 U|FD| 29 d | NR |NR|JV|NR| CHM | HMGL | BL 6.10 69
47 |Andoetal, 1978 801 |Rat (Rattus norvegicus ) 2| UGV 1 mo| 64 d |IV] F | CHM | CALC | BO 6.13 77
48 |Nakamura et al., 1983 638 |Rat (Rattus norvegicus ) 2|1 U |FD]| 11 w | NR |NR|NR| F | ENZ GPTR | SR 9.54 71
49 [Banis et al 1969 3733 |Rat (Rattus norvegicus ) 2|1 U|FD| 30 d | NR |NR|JV| M| CHM | HMGL | BL 9.70 70
50 |Banis et al 1969 3733 |Rat (Rattus norvegicus ) 2] U |FD 3 W 5 w |JV] B | CHM | HMGL | BL 10.4 70
51 |Novelli et al, 1998 19496 |Rat (Rattus norvegicus ) 2| U |DR 2 |mo| 15 w |JV]| M| CHM [ PRTL [UR 12.4 66
52 |Suzuki and Yoshida 1977 574 |Rat (Rattus norvegicus ) 2| U|JFD| 10 d | NR |[NR|JV]| M| CHM | HMGL | LI 20.7 70
53 |Weber and Reid 1969 677  [Mouse (Mus musculus) 4] U |FD 3 w | NR |[NR|IV]| B | ENZ | MADH | LI 571 71
Behavior
54 [King et al, 1992 488 |Pig (Sus scrofa) 3| M([FD| 132 | d [ NR |NR]JV]| F | FDB FCNS | WO 0.0216 70
55 |Lind et al., 1997 685 |Mouse (Mus musculus ) 2| M |FD 5 w | NR |[NR|IV]| F | FDB FCNS |WO[ 0.0584 70
56 [King et al, 1992 488 |Pig (Sus scrofa) S|IM([FD| 128 | d [ NR |NR]JV| M | FDB FCNS |WO[ 0.0793 70
57 |Yuhas etal 1979 776 |Rat (Rattus norvegicus ) 41 U |DR| 13 W 35 d |IV| M| FDB | WCON [WO]| 0.0951 0.951 68
58 |Cousins et al 1977 670 |Rat (Rattus norvegicus ) 3] UJ|FD| 14 | w| NR |[NR|IV| M | FDB FCNS |WO[ 0.251 1.25 78
59 |Koo and Winslow, 1983 12092 [Rat (Rattus norvegicus ) 31 UJ|FD]| 11 w | NR |NR|JV| M | FDB FCNS |WO|[ 0323 70
60 |Kotsonis and Klassen, 1978 778 |Rat (Rattus norvegicus ) 4| U |DR 1 w | 70 d |V M| FDB | WCON |WO| 0.810 215 75
61 |Nation et al., 1984 656 |Rat (Rattus norvegicus ) 3|1 U]J|FD| 55 d 80 d |AD| M | AVO STIM | WO 1.00 5.00 77
62 |Lamphere et al., 1984 8980 |Cattle (Bos taurus ) 2| M |FD| 60 d 9 | mo|YO|NR| FDB FCNS | WO 1.05 70
63 |Sawick-Kapusta et al, 1987 820 |Bank Vole (Clethrionomys glareolus ) 3| M[FD| 20 d | NR |NR|AD| B | FDB FCNS | WO 1.50 35.3 77
64 [Mahaffey etal., 1977 14580 [Rat (Rattus norvegicus ) 2| M([FD| 10 | w| NR |NR|AD| M | FDB FCNS | WO 1.67 66
65 |Sugawara and Sugawara, 1983 21111 |Rat (Rattus norvegicus ) 2| U |DR| 36 d 27 d |IJV] F | FDB | WCON |WO 1.78 68
66 |Perry et al, 1977 3730 |Rat (Rattus norvegicus ) 71 U [DR| 12 |mof 21 d |IV| F | FDB FCNS |WO| 273 5.45 70
67 |Mitsumori et al., 1998 591 |Rat (Rattus norvegicus ) 5] U |FD 1 mo| 5 w |JV]| F | FDB FCNS | WO 2.80 14.0 78
68 |Leeetal, 1994 733 |Rat (Rattus norvegicus ) 41 U |GV] 13 w | 60 d |IV]| M| BEH RRSP | WO 3.00 10.0 84
69 |Osuna and Edds, 1980 494 |Pig (Sus scrofa) 2| M |FD 4 w | NR |NR|IJV| M| FDB FCNS | WO 3.43 70
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70 |Suzuki and Yoshida, 1978 572 |Rat (Rattus norvegicus ) 2|1 U|FD| 12 d | NR |NR|JV | M| FDB FCNS | WO 3.82 74
71 |Sorell and Braziano, 1990 822 |Rat (Rattus norvegicus ) 4| U |DR| 14 d | NR |[NR|GE| F | FDB | WCON [WO 4.88 8.46 74
72 |Watanabe et al, 1986 632 [Mouse (Mus musculus) 6| M |FD 2 yr 7 w |AD| F | FDB FCNS | WO 4.97 70
73 |Felinska et al., 1995 796 |Rat (Rattus norvegicus ) 3|1 U |DR| 21 d | NR |NR|GE| F | FDB | WCON [WO 5.25 69
74 |Gustafson and Mercer, 1984 551 |Rat (Rattus norvegicus ) 7|1 U |FD]| 21 d | NR |[NR|JV]| M | FDB FCNS | WO 6.06 15.2 79
75 |Wlostowski et al, 2000 25891 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo | JV| M | FDB FCNS | WO 10.5 73
76 |Watanabe et al, 1986 632 [Mouse (Mus musculus) 5] M |FD 2 yr | 10 w |GE| F | FDB FCNS | WO 11.8 70
77 |Machemer and Lorke, 1981 560  |Rat (Rattus norvegicus ) 4] U |FD 9 d 4 |mo|GE| F | FDB FCNS | WO 12.5 68
78 |Wlostowski and Krasowska, 1999 25890 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo | JV| M | FDB FCNS | WO 12.6 70
79 |Berry etal, 1999 453 |Sheep (Ovis aires) 2| U|FD| 60 d | NR |NR|AD| M | BEH | GBHV [WO 0.0480 | 67
80 |Lindetal, 1997 685 |Mouse (Mus musculus ) 2| M |FD 5 w| NR |[NR|IV]| F | FDB FCNS | WO 0.0532 | 79
81 [Weigel et al 1987 629 |Rat (Rattus norvegicus ) 3| M [FD 6 w | NR |[NR|IV| M | FDB FCNS | WO 0.0744 | 72
82 |Rastogi et al 1977 753 |Rat (Rattus norvegicus ) 31 U [GV] 30 d 1 d | JV|NR| BEH | NMVM | WO 0.100 | 75
83 |Ahokas et al 1980 669 |Rat (Rattus norvegicus ) 41 U |DR| 21 d | NR |[NR|GE| F | FDB | WCON [WO 0.207 68
84 |Cousins etal., 1973 502 |Pig (Sus scrofa) 51 U [FD 6 w | 55 d |IV| M| FDB FCNS | WO 1.58 74
85 |Zenick et al 1982 661 |Rat (Rattus norvegicus ) 4| U |DR 1 w| 100 ] d |IV| M| FDB | WCON | WO 1.85 68
86 |Mangler et al., 1988 521 |Rat (Rattus norvegicus ) 2| U |DR 6 |mo| 28 d |JV| F | FDB | WCON |WO 2.63 69
87 |Wilson et al 1940 825 |Rat (Rattus norvegicus ) 6| UJ|FD| 100 | d | NR [NR|IV| M | FDB FCNS | WO 2.78 73
88 |Groten et al, 1991 615 |Rat (Rattus norvegicus ) 2| M |FD| 30 d 5 w | JV]| B | FDB FCNS | WO 2.80 78
89 [Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 21 U DR[| 170 | d [ NR |NR|AD| F | FDB | WCON |WO 3.73 69
90 [Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 2] U DR[| 170 | d | NR |NR|GE| F | FDB | WCON |WO 3.93 69
91 [Meyer et al 1982 662 |Rat (Rattus norvegicus ) 3] U|[FD| 30 d | NR |NR|JV| M | FDB FCNS | WO 5.44 74
92 |Webster, 1978 824  [Mouse (Mus musculus) 2| U |DR 3 d | NR |[NR|GE| F | FDB | WCON [WO 5.62 74
93 |Lynchetal., 1976 3711 |[Cattle (Bos taurus) 21 U|JOR| 63 d | NR |NR|JV| M | FDB FCNS | WO 5.74 75
94 |Steibert et al., 1984 544 |Rat (Rattus norvegicus ) 2] U|DR| 170 | d 7 w |JV] F | FDB | WCON [WO 5.82 68
95 [Pondet al, 1973 583 |Pig (Sus scrofa) 2|1 UJ|FD| 50 d | NR |NR|JV|NR| FDB FCNS | WO 5.83 73
96 |Freundt and Irbahim, 1990 2640 |Rat (Rattus norvegicus ) 2| U |DR| 91 d | NR |[NR|AD| F | FDB | WCON [WO 6.89 68
97 |Novelli et al, 1998 21121 |Rat (Rattus norvegicus ) 2| U |DR 7 d | NR |[NR|JV]| M| FDB | WCON [WO 7.20 68
98 |Bhattacharyya et al, 1988 626 [Mouse (Mus musculus) 3|1 U|J|FD| 252 | d 68 d |GE| F | FDB FCNS | WO 15.5 74
99 |Nation et al., 1990 617 |Rat (Rattus norvegicus ) 2| U|JFD| 60 d 50 d |IJV| M| BEH | ACTP |WO 9.15 73
100 [Novelli et al, 1998 19496 |Rat (Rattus norvegicus ) 2| U |DR 2 |mo| 15 w | JV]| M| FDB | WCON [WO 12.4 69
101 |Pond and Walker, 1975 3731 |Rat (Rattus norvegicus ) 2| U|FD| 21 d 12 w |GE| F | FDB FCNS | WO 16.8 74
102 |Nomiyama et al., 1975 581 |Rabbit (Oryctolagus cuniculus ) 2| U|[FD| 42 | w| NR |NR|NR| M | FDB FCNS | WO 17.0 73
103 |Weber and Reid 1969 677 |Mouse (Mus musculus ) 41 U [FD 3 w | NR |[NR|JV| B | FDB FCNS | WO 571 74
Physiology
104 |Wills et al 1981 646 |Rat (Rattus norvegicus ) 3| U|FD| 64 w | NR |NR|IJV]|] B | PHY BLPR | WO[ 0.00690 68
105 |King et al, 1992 488 |Pig (Sus scrofa) 3| M ([FD| 132 | d | NR |NR|JV] F | PHY FDCV | WO| 0.0216 70
106 |King et al, 1992 488 |Pig (Sus scrofa) S| M([FD| 128 | d | NR |NR|JIV] M | PHY FDCV | WO| 0.0634 69
107 |Perry et al, 1977 3730 |Rat (Rattus norvegicus ) 71 U |DR 6 mo| 21 d |IV| F | PHY BLPR | WO| 0.100 0.250 70
108 |Ahokas et al 1980 669  |Rat (Rattus norvegicus ) 41 U |DR| 21 d| NR |[NR|GE| F | PHY FDCV |WO| 0.207 1.57 71
109 [Sutou, et al, 1980 443 |Rat (Rattus norvegicus ) 41 U |GV 4 W 5 w | JV]| M| PHY | FDCV |WO 1.00 10.0 79
110 |Sawick-Kapusta et al, 1987 820 |Bank Vole (Clethrionomys glareolus ) 3| M[FD| 20 d | NR |NR|AD| B | PHY | MEEN [WO 1.50 353 77
111 |Leeetal, 1994 733 |Rat (Rattus norvegicus ) 41 U |GV 13 W 60 d |IV| M| PHY GPHY | EY 3.00 10.0 84
112 |[Kotsonis and Klassen, 1978 778 |Rat (Rattus norvegicus ) 4] U|DR| 24 | w]| 70 d |IV| M| PHY | HTRT | HE 6.44 69
113 |Ogoshi et al., 1989 720 |Rat (Rattus norvegicus ) 6| U|[DR| 4 w| 24 | w |AD|NR|] PHY | GPHY |FM 17.1 67
114 |Weigel et al 1987 629 |Rat (Rattus norvegicus ) 3| M [FD 5 w | NR [NR|IV| M| PHY [ FDCV | WO 0.0744 | 72
115 |Mercado and Bibby 1973 757 |Rat (Rattus norvegicus ) 21 U |[DR| 50 d | 23 d |JV| M| PHY | GPHY |WO 0.565 | 67
116 |Kanisawa and Schroeder, 1969 15061 |Rat (Rattus norvegicus ) 2| U |DR| 17 |mo| 21 d |IV] B | PHY BLPR |WO 0.569 | 67
117 |Ogoshi et al., 1989 720 |Rat (Rattus norvegicus ) 3] U |[DR| 4 w | 21 d |JV| F | PHY | GPHY [FM 0.581 67
118 [Wilson et al 1940 825 |Rat (Rattus norvegicus ) 2| UJFD| 50 d | NR |[NR|JV]| M| PHY | GPHY [ TH 1.42 72
119 [Mitra et al, 1995 783 |Rat (Rattus norvegicus ) 2| M |FD 6 W 1 mo | JV|NR| PHY | GPHY | BL 1.85 72
120 [Wilson et al 1940 825 |Rat (Rattus norvegicus ) 2| UJFD| 50 d | NR |[NR|JV]| M| PHY | GPHY [ TH 2.76 72
121 |Suzuki and Yoshida 1978 768 |Rat (Rattus norvegicus ) 21 U([FD| 180 | d | NR |NR|JV| M| PHY | HYDR | TB 3.79 73
122 |Meyer et al 1982 662 |Rat (Rattus norvegicus ) 31 U|[FD| 30 d | NR |NR|JV| M| PHY | FDCV [WO 5.44 74
123 [Wilson et al 1940 825 |Rat (Rattus norvegicus ) 2| U|FD| &5 d | NR |[NR|JV]| M| PHY | GPHY |[TH 5.51 72
124 |Eakin et al 1980 659 |Rat (Rattus norvegicus ) 2| U |FD| 16 w | NR |NR|JV]| M| PHY BLPR | WO 13.2 68
Pathology
125 |Wills et al 1981 646 |Rat (Rattus norvegicus ) 3| U |FD| 64 w| NR |NRJIV]| B HIS GHIS | KI | 0.00690 68
126 |Lind et al., 1997 685  |Mouse (Mus musculus ) 2| M |FD 5 w | NR INRJIJV] F | ORW | ORWT | LI | 0.0584 70
127 |Watanabe et al, 1986 632 [Mouse (Mus musculus) 5] M |FD 2 yr | 10 w |GE| F HIS GHIS |BO| 0.221 5.85 79
128 |Sorell and Braziano, 1990 822 |Rat (Rattus norvegicus ) 4] U |DR| 14 d | NR |[NR|GE| F | GRS | BDWT [WO| 0.651 4.88 72
129 [Sutou, et al, 1980 443 |Rat (Rattus norvegicus ) 41 U |GV] 13 W 5 w |IV] F HIS NCRO | LI 1.00 10.0 79
130 |Rastogi et al 1977 753 |Rat (Rattus norvegicus ) 31 U [GV] 30 d 1 d |IJV|INR| ORW | ORWT [ BR 1.00 75
131 [Yuyama 1982 710 |Rat (Rattus norvegicus ) 41 U |FD 2 W 5 w | JV] M| ORW | ORWT [ LI 2.65 10.6 78
132 [Mitsumori et al., 1998 591  |Rat (Rattus norvegicus ) 5] U |FD 2 |mo| 5 w |JV] F HIS GHIS | KI 2.98 14.9 78
133 [Watanabe et al, 1986 632 [Mouse (Mus musculus) 6| M |FD 2 yr 7 w |AD| F HIS GHIS | BO 4.97 70
134 |Meyer et al 1982 662 |Rat (Rattus norvegicus ) 3] U|[FD| 30 d | NR |[NR|JV| M| ORW | SMIX [HE 5.44 10.9 80
135 |Prigge et al, 1977 779 |Rat (Rattus norvegicus ) 41 U [DR| 48 d | NR |[NR|AD| M | GRS | BDWT [WO| 551 11.0 70
136 |Wilson et al 1940 825 |Rat (Rattus norvegicus ) 6| U[FD| 100 | d [ NR |NR|JV| M| ORW | ORWT | HE 5.55 11.2 79
137 |Takizawa et al 1981 775 |Rat (Rattus norvegicus ) 3] U|DR| 180 | d | NR [NR|GE| F HIS GHIS | KI 5.81 233 72
138 |Rajanna et al, 1984 637 |Rat (Rattus norvegicus ) 41 U [FD| 180 | d 6 w |IV]| M| ORW [ ORWT | KI 595 73
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139 |Gustafson and Mercer, 1984 551  |Rat (Rattus norvegicus ) 7|1 U |FD]| 21 d | NR |[NR|JV]| M| ORW | SMIX | LI 6.06 15.2 79
140 [Kotsonis and Klassen, 1978 778 |Rat (Rattus norvegicus ) 4] U |DR| 24 | w]| 70 d |IV]M]|] ORW | SMIX | KI 6.44 69
141 |Hokawa et al., 1978 769 |Rat (Rattus norvegicus ) 2| U |J|FD| 60 d | NR |[NR|SM]| F | GRS | BDWT [WO 9.0 66
142 |Hamada et al, 1991 465 _|Dog (Canis familiaris ) 6| U [FD 9 yr| 68 |mo]JV| M| HIS GHIS | KI 10.0 50.0 81
143 [Wlostowski et al, 2000 25891 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo | JV| M| ORW | ORWT | KI 10.5 32
144 |Wlostowski and Krasowska, 1999 25890 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo | JV]| M| ORW | ORWT | LI 11.5 78
145 |Seidenberg et al 1986 113 |Mouse (Mus musculus) 21 U |GV 4 d | NR |[NR|GE| F | GRS | BDWT [WO 41.1 70
146 |Dodds-Smith et al., 1992 2069 |Shrew (Sorex araneus) 2] UJ|FD| 12 | w| NR |NR|IV]| B | ORW | ORWT | KI 120 69
147 |Perry et al, 1977 3730 |Rat (Rattus norvegicus ) 7] U [DR| 18 |mof 21 d |IJV| F | ORW | ORWT | LI 0.0706 | 69
148 |Kanisawa and Schroeder, 1969 15061 [Rat (Rattus norvegicus ) 2] U |DR| 30 |mo| 21 d |IV] B HIS GHIS | KI 0.569 | 67
149 [Dobryszycka et al., 1984 707 |Rat (Rattus norvegicus ) 21 U J|GV] 12 |mo| 3 mo |AD| B HIS NCRO | KI 1.0 70
150 |Mahaffey etal., 1977 14580 [Rat (Rattus norvegicus ) 2| M [FD| 10 | w | NR |[NR|AD| M | ORW | SMIX | LI 1.67 66
151 [Mitra et al, 1995 783 |Rat (Rattus norvegicus ) 2| M |FD 6 W 1 mo | JV|NR| ORW | SMIX | KI 1.8 72
152 |Swiergosz et al 1998 506 |Bank vole (Clethrionomys glareolus ) 31 U [FD 6 |mo|] 5 |mo|IJV|M]| HIS GHIS | LI 1.87 73
153 [Mangler et al., 1988 521  |Rat (Rattus norvegicus ) 2] U |DR| 12 |mo| 28 d |IV] F HIS GHIS | KI 2.7 69
154 |Suzuki and Yoshida 1978 768 |Rat (Rattus norvegicus ) 21 U[FD| 180 | d | NR |[NR|JV] M | ORW | ORWT | IN 3.8 73
155 [Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 2| U|DR| 170 | d | NR |[NR|GE| F HIS GHIS | LI 3.9 69
156 |Webster, 1978 824  |Mouse (Mus musculus ) 2|1 U|DR| 19 d | NR |[NR|GE| F GRS | BDWT | WO 5.4 74
157 |Steibert et al., 1984 544 |Rat (Rattus norvegicus ) 2] U |DR| 170 | d 7 w |IV] F HIS GHIS | KI 5.8 68
158 [Novelli et al, 1998 21121 |Rat (Rattus norvegicus ) 2| U|DR| 7 d | NR |[NR|JV]| M| ORW | ORWT | KI 7.20 68
159 |Iguchi and Sano, 1982 556 |Rat (Rattus norvegicus) 31 U [FD 8 w | NR |[NR|YO| M | HIS GHIS [BO 10.0 73
160 |Kajikawa et al 1981 667 _|Rat (Rattus norvegicus ) 2] U |DR| 91 w | NR |NR|IV| M| HIS NPHR | KI 14.7 68
161 |Nomiyama et al., 1975 581 |Rabbit (Oryctolagus cuniculus ) 21 UJ[FD| 42 | w | NR |NR|NR| M| GRS | BDWT |WO 17.0 73
162 |Van Vleet et al, 1981 149 |Pig (Sus scrofa) 2|1 U|FD| 10 w | NR |NR|IJV | M| HIS GLSN [HE 21.3 72
Reproduction
163 |Wills et al 1981 646 |Rat (Rattus norvegicus ) 3| U|FD| 64 w | NR |[NR|GE| B | REP PROG |WO[ 0.0069 74
164 |Webster, 1988 525 |Mouse (Mus musculus ) 41 U |DR| 60 d 8 w |GE| F REP PRWT [WO]| 0.0939 15.6 76
165 |Sorell and Braziano, 1990 822 |Rat (Rattus norvegicus ) 4| U |DR| 14 d | NR |[NR|GE| F | REP | PRWT [WO| 0651 4.88 78
166 |Combs et al, 1983 643 |Rat (Rattus norvegicus ) 51 U |FD| 57 d | NR |[NR|JV]| M| REP TEWT | TE 0.890 70
167 [Sutou, et al, 1980 443 |Rat (Rattus norvegicus ) 41 U |GV] 6 W 5 w |GE| F | REP Other | WO 1.00 10.0 85
168 [Sutou et al, 1980 647 |Rat (Rattus norvegicus ) 41 U |GV 6 W 5 w |GE| F REP RSEM [WO 1.00 10.0 90
169 |Sawicka-Kapusta et al 1994 694 [Mouse (Mus musculus) 4] U |FD 6 d | NR |[NR|GE| F | REP | DEYO [WO 1.14 2.28 84
170 |Ahokas et al 1980 669 |Rat (Rattus norvegicus ) 41 U |DR| 21 d | NR |[NR|GE| F REP PRWT | WO 1.57 4.50 79
171 |Loeser and Lorke 1977 754 |Rat (Rattus norvegicus ) 5] U |FD 3 |mo| NR |NR|JV| B | REP SPCL | SM 2.53 70
172 |Baranski and Sitarek, 1987 809 |Rat (Rattus norvegicus ) 51U |GV 7 W 3 mo|JV]| F | REP GREP | WO 4.00 40.0 85
173 |Baranski et al, 1983 641 |Rat (Rattus norvegicus ) 41 U |GV] 8 W 3 mo | GE| F | REP RSEM WO 4.00 72
174 |Zielinska-Psuja et al, 1979 569 |Rat (Rattus norvegicus ) 31 U [FD 3 |mo| NR INR|IJV| M| REP | TEWT | TE 5.40 54.0 83
175 |Sasser et al, 1985 9321 |Rat (Rattus norvegicus ) 41 U |DR| 21 d 5 mo|GE|] F | REP | PRWT |WO 6.00 10.0 81
176 [Machemer and Lorke, 1981 560 |Rat (Rattus norvegicus ) 51U |GV] 9 d 4 mo | GE| F | REP FERT |WO 6.13 18.4 92
177 |Kotsonis and Klassen, 1978 778 |Rat (Rattus norvegicus ) 4] U |DR| 24 | w]| 70 d |IV] M| REP PRFM [WO 6.44 66
178 |Zenick et al 1982 661 |Rat (Rattus norvegicus ) 41 U |DR| 11 w| 100 ] d |IV] M| REP SPCL | SM 7.41 67
179 |Caflisch, 1994 607 |Rat (Rattus norvegicus ) 3] U |DR| 40 d | NR |NR|AD| M | REP TEWT | TE 11.4 74
180 [Machemer and Lorke, 1981 560 |Rat (Rattus norvegicus ) 41 U |FD 9 d 4 mo | GE| F | REP FERT |WO 12.5 74
181 [Desi et al, 1998 592 |Rat (Rattus norvegicus ) 41 U |JGV]| 16 d 12 w |GE| F | REP | PRWT [WO 13.9 77
182 |Cornwall et al, 1984 651 |Rat (Rattus norvegicus ) 21 U |GV] 13 d | NR |[NR|GE| F | REP RSEM WO 25.0 79
183 [Seidenberg et al 1986 113 |Mouse (Mus musculus ) 2|1 UGV 4 d | NR |[NR|GE| F | REP | PRWT [WO 41.1 80
184 |Wardell et al., 1982 748 |Rat (Rattus norvegicus ) S| U |GV 12 d | NR |[NR|GE| F REP RSEM WO 50.0 75 o2
185 [Simmons et al, 1984 652 |Rat (Rattus norvegicus ) 41 U |GV] 13 d | NR |[NR|GE| F | REP RSEM WO 50.0 77
186 |Whelton et al, 1988 625  [Mouse (Mus musculus ) 3| UJ|FD| 252 | d | 68 d |GE| F | REP PROG [WO 0.661 79
187 |Webster, 1978 824  [Mouse (Mus musculus) 4] U |DR| 19 d | NR |[NR|GE| F | REP | PRWT [WO 1.42 80
188 [Schroeder and Mitchener, 1971 66 |Mouse (Mus musculus) 2| U |DR 6 |mo| 21 d |IV] F | REP | DEYO |WO 1.45 67
189 |Swiergosz et al 1998 506 |Bank vole (Clethrionomys glareolus ) 31 U [FD 6 |mo| 5 |mo|IV]| M| REP SPCL | TE 1.87 79
190 |Hastings et al, 1978 571 |Rat (Rattus norvegicus ) 21 U |DR| 111 d | NR |[NR|GE| F REP PRWT | WO 2.14 68
191 |Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 21 U[DR| 170 | d | NR |[NR|GE] F REP PRWT | WO 3.93 75
192 [Mallol et al., 1984 550  |Rat (Rattus norvegicus ) 2| U |DR| 25 d 2 w |JV] B | REP TEWT | TE 4.61 73
193 [Webster, 1979 823 [Mouse (Mus musculus) 2| U |DR| 19 d | NR [NR|GE| F | REP | PRWT [WO 5.59 74
194 [Steibert et al., 1984 544 |Rat (Rattus norvegicus ) 2] U |DR| 170 | d 7 w |JV] F | REP | PRWT [WO 5.82 74
195 |Gupta et al., 1993 608 |Rat (Rattus norvegicus ) 2|1 U|DR| 28 d | NR |[NR|GE| F REP PRWT | WO 6.30 73
196 |Saxena, et.al. 1989 2857 |Rat (Rattus norvegicus ) 2] UJ|DR| 120 | d | NR |NR]IV| M| REP SPCL | TE 7.28 69
197 |Pond and Walker, 1975 3731 |Rat (Rattus norvegicus ) 2| U|FD| 21 d 12 w |GE| F | REP | PRWT [WO 236 80
Growth
198 |Wills et al 1981 646 |Rat (Rattus norvegicus ) 3|1 U|FD| 64 w | NR |NR|IJV] B | GRO | BDWT |WO| 0.00690 72
199 |Vreman et al, 1988 471 |Cattle (Bos taurus ) 2| M [FD| 330 | d | NR |[NR|JV ]| M| GRO | BDWT |WO| 0.00792 69
200 |Vreman et al, 1988 471 |Cattle (Bos taurus) 2| M [FD| 328 | d | NR |[NR|JV ]| M| GRO | BDWT |WO| 0.00884 69
201 |Vreman et al, 1988 471 |Cattle (Bos taurus ) 2| M [FD| 330 | d | NR |[NR|JV | M| GRO | BDWT |WO| 0.0187 69
202 |Lind etal., 1997 685 |Mouse (Mus musculus ) 2| M |FD 5 w | NR |NR|IV] F | GRO | BDWT |WO| 0.0584 74
203 |King et al, 1992 488 |Pig (Sus scrofa) S|IM([FD| 128 | d [ NR |[NR|JV]| F | GRO | BDWT |WO| 0.0793 74
204 |Merali and Singhal, 1980 639 |Rat (Rattus norvegicus ) 31 U ([GV] 7 d 1 d |IV| M| GRO | BDWT |[WO| 0.100 1.0 88
205 |Rastogi et al 1977 753 |Rat (Rattus norvegicus ) 31 U [GV] 30 d 1 d |JV|NR| GRO | BDWT |[WO| 0.100 1.0 83
206 |Williams et al 1978 483 |Vole (Microtus pennsylvanicus ) 21 U |[FD| 40 d | NR |NR|JV|NR| GRO | BDWT [WO| 0179 69
207 |Ahokas et al 1980 669 |Rat (Rattus norvegicus ) 41 U |DR| 21 d | NR |NR|GE| F | GRO | BDWT [WO| 0207 1.6 75
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208 |Cousins et al 1977 670 |Rat (Rattus norvegicus ) 3] UJ|FD| 14 | w| NR |[NR|IV| M| GRO | BDWT |WO| 0.268 1.3 32
209 |Koo and Winslow, 1983 12092 [Rat (Rattus norvegicus ) 3|1 U|FD]| 11 w | NR |NR|IV]| M| GRO | BDWT |WO| 0.323 72
210 |Baranski and Sitarek, 1987 809  |Rat (Rattus norvegicus ) 51U |GV 12 | w 3 mo|JV] F | GRO | BDWT |WO| 0.400 4.0 83
211 |Doyle et al, 1974 3703 |[Sheep (Ovis aires ) 5| U([FD| 163 | d 4 mo | JV| M| GRO | BDWT |WO[ 0448 0.909 80
212 |Williams et al 1978 483 |Vole (Microtus pennsylvanicus ) 31 U|[FD| 40 d | NR |NR|JV|NR| GRO | BDWT |[WO| 0478 69
213 |Williams et al 1978 483 _|Vole (Microtus pennsylvanicus ) 21 U|[FD| 40 d | NR |NR|JV|NR| GRO | BDWT [WO| 0579 69
214 |Ogoshi et al., 1989 720 |Rat (Rattus norvegicus ) 3] U|[DR| 4 w | 21 d JIV| F | GRO | BDWT |WO| 0.581 1.2 77
215 |Schroeder et al, 1963 14446 [Rat (Rattus norvegicus ) 2| U |DR| 32 d 28 d |IV] B | GRO | BDWT |WO| 0.593 66
216 |Perry etal, 1977 3730 |Rat (Rattus norvegicus ) 71 U [DR| 24 |mof 21 d |IJV| F | GRO | BDWT |WO| 0645 1.6 74
217 |Yuhas etal 1979 776 |Rat (Rattus norvegicus ) 41 U |DR 2 w | 35 d |IV| M| GRO | BDWT |[WO| 0770 7.70 72
218 |Combs et al, 1983 643 |Rat (Rattus norvegicus ) 51 U |FD| 57 d | NR |[NR|JV]| M| GRO | BDWT [WO] 0.890 69
219 |Combs et al, 1983 643 |Rat (Rattus norvegicus ) 5|1 U |FD]| 57 d | NR |[NR|JV]| M| GRO | BDWT [WO] 0.890 69
220 |Sutou, et al, 1980 443 |Rat (Rattus norvegicus ) 41 U |GV 6 W 5 w |GE| F | GRO | BDWT | WO 1.00 10.0 83
221 |Takashima et al 1980 563 |Rat (Rattus norvegicus ) 4] U J|FD| 19 |mo| NR |[NR|IV| M | MPH | GMPH | BO 1.04 5.2 81
222 |Bhattacharyya et al, 1988 626 [Mouse (Mus musculus) 3| UJ|FD| 252 | d | 68 d |GE|] F | GRO | BDWT |WO 1.08 10.8 32
223 |Loeser and Lorke, 1977 446 |Dog (Canis familiaris ) 5] U |FD 3 Jmo| 46 |mo]|JV] B | GRO | BDWT |WO 1.36 68
224 |Sugawara and Sugawara, 1983 21111 |Rat (Rattus norvegicus ) 21 U |[DR| 36 d | 27 d |JV|] F | GRO | BDWT |WO 1.78 72
225 |Machemer and Lorke, 1981 560  |Rat (Rattus norvegicus ) 51U |JGV] 9 d 2 mo|GE|] F | GRO | BDWT |WO 1.84 6.13 88
226 |Mitra et al, 1995 783 |Rat (Rattus norvegicus ) 2| M |FD 6 W 1 mo | JV|NR| GRO | BDWT |WO 1.85 76
227 |Mangler et al., 1988 521 |Rat (Rattus norvegicus ) 2] U |DR| 18 |mo| 28 d |JV|] F | GRO | BDWT |WO 2.22 73
228 |Loeser and Lorke 1977 754 |Rat (Rattus norvegicus ) 51 U |FD 3 |mo| NR |NR|JV] B | GRO | BDWT |WO 2.53 68
229 |Yuyama 1982 710 |Rat (Rattus norvegicus ) 41 U |FD 2 W 5 w | JV]| M| GRO | BDWT [WO 2.65 10.6 82
230 |Washko and Cousins 1977 770 |Rat (Rattus norvegicus ) 2| U |DR 8 w | NR |NR|IV]| M| GRO | BDWT | WO 2.78 72
231 |Leeetal., 1994 733 |Rat (Rattus norvegicus ) 41 U |GV] 8 w | 60 d |IV] M| GRO | BDWT |WO 3.00 10.0 88
232 |Mitsumori et al., 1998 591  |Rat (Rattus norvegicus ) 51 U |FD 4 d 5 w |JV] F | GRO | BDWT [WO 3.08 15.4 32
233 |Steibert et al., 1984 543 |Rat (Rattus norvegicus ) 2] UJ|DR| 170 | d | NR | mo|AD| F | GRO | BDWT |WO 3.73 73
234 |Cousins etal., 1973 502 |Pig (Sus scrofa) 51 U|FD 6 w | 55 d |IV| M| GRO | BDWT |WO 4.05 12.1 84
235 |Chetty et al, 1980 650  |Rat (Rattus norvegicus ) 41 U |FD 4 w | NR [NR|IV]| M| GRO | BDWT |WO 4.36 8.71 83
236 |Koller and Roan, 1977 814 [Mouse (Mus musculus) 4|1 U |DR| 70 d 28 d | IVINR| GRO | BDWT | WO 4.44 44.4 76
237 |Watanabe et al, 1986 632 [Mouse (Mus musculus) 6| M |FD 2 yr 7 w |AD| F | GRO | BDWT [WO 4.97 74
238 |Swiergosz et al 1998 506 |Bank vole (Clethrionomys glareolus ) 31 U [FD 6 |mo| 5 |mo|IV]| M| GRO | BDWT |WO 4.99 68
239 |Zielinska-Psuja et al, 1979 569  |Rat (Rattus norvegicus ) 31 U [FD 3 |mo| NR |[NR|IV]| M| GRO | BDWT |WO 5.40 54.0 81
240 |Sugawara and Sugawara, 1983 21111 |Rat (Rattus norvegicus ) 2|1 U |DR| 330 d 27 d|IV]| F GRO | BDWT | WO 5.54 72
241 |Gustafson and Mercer, 1984 551 |Rat (Rattus norvegicus ) 7|1 U |FD]| 21 d | NR |[NR|JV]| M| GRO | BDWT [WO 6.06 15.2 83
242 |Blakely, 1984 547 [Mouse (Mus musculus ) 41 U |DR| 3 W 6 w |JV] F | GRO | BDWT [WO 7.23 71
243 |Zenick et al 1982 661 |Rat (Rattus norvegicus ) 4] U |DR| 80 d|] 100 | d |IV] M| GRO | BDWT [WO 7.38 72
244 |Weber and Reid 1969 677  [Mouse (Mus musculus) 41 U |FD 3 w | NR |NR|IV]|] B | GRO | BDWT | WO 8.53 69
245 |Ogoshi et al., 1989 720 |Rat (Rattus norvegicus ) 6| U|[DR| 4 w | 24 | w |AD|NR| GRO | BDWT | WO 8.54 17.1 77
246 |Tanaka et al 1995 690  |Rat (Rattus norvegicus ) 3| M |FD 5 |mo| 3 w | JV] M| GRO | BDWT [WO 8.61 73
247 |Wlostowski et al, 2000 25891 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo | JV ]| M| GRO | BDWT |WO 10.5 82
248 |Watanabe et al, 1986 632 [Mouse (Mus musculus) 5] M |FD 2 yr | 10 w |GE| F | GRO | BDWT [WO 11.8 74
249 |Machemer and Lorke, 1981 560  |Rat (Rattus norvegicus ) 4] U |FD 9 d 4 mo|GE|] F | GRO | BDWT |WO 12.5 72
250 |Kodama et al., 1989 507 _|Dog (Canis familiaris ) 6| U|FD| 250 | w 8 mo|JV]| B | MPH | GMPH | BO 12.5 68
251 |Wlostowski and Krasowska, 1999 25890 |Bank vole (Clethrionomys glareolus ) 3 | UX|FD 6 W 1 mo|JV | M| GRO | BDWT |WO 12.6 83
252 |Ogoshi et al., 1989 720 |Rat (Rattus norvegicus ) 3] U|([DR| 4 W 2 yr |AD|NR| MPH [ GMPH | FM 16.9 67
253 |King et al, 1992 488 |Pig (Sus scrofa) 3| M[FD| 132 | d [ NR [NR|JV| F | GRO | BDWT |WO 21.3 74
254 |Nation et al., 1990 617 |Rat (Rattus norvegicus ) 2| U |FD]| 61 d | 50 d |IV] M| GRO | BDWT |WO 31.3 68
255 |Exon et al., 1979 3847 |Mouse (Mus musculus ) 5] U |DR 6 w | NR |NR|IV]| M| GRO | BDWT | WO 43.0 85.9 73
256 |Hamada et al, 1991 465 _|Dog (Canis familiaris ) 6| U [FD 9 yr| 68 |mo]JV]| B | GRO | BDWT |WO 50.0 100 87
257 |Weigel et al 1987 629 |Rat (Rattus norvegicus ) 3| M [FD 6 w | NR [NR|IV| M| GRO | BDWT |WO 0.0744 | 76
258 |Bakry et al, 1992 772 |Rat (Rattus norvegicus ) 21 U ([GV] 2 w | NR [NR|JV]| B | MPH | GMPH | WO 0.143 | 84
259 |Smith et al, 1985 636 |Rat (Rattus norvegicus ) 21 U |GV 14 d 5 d |IV| M| DvP GDPV | EY 1.00 84
260 |Rajanna et al, 1984 637 |Rat (Rattus norvegicus ) 41 U [FD| 180 | d 6 w |IV]| M| GRO [ BDWT |WO 1.97 77
261 |Groten et al, 1991 615 |Rat (Rattus norvegicus ) 2| M |FD 7 d 5 w |JV] B | GRO | BDWT [WO 3.01 82
262 |Wilson et al 1940 825 |Rat (Rattus norvegicus ) 6| U|FD| 25 d | NR |[NR|JV]| M| GRO | BDWT [WO 3.21 77
263 |Osuna and Edds, 1980 494 |Pig (Sus scrofa) 2| M |FD 4 w | NR |NR|IV]| M| GRO | BDWT |WO 3.43 83
264 |Pond et al, 1973 583 |Pig (Sus scrofa) 2|1 U|FD| 50 d | NR |NR|JV |NR| GRO | BDWT [WO 3.88 78
265 |Suzuki and Yoshida, 1978 572 |Rat (Rattus norvegicus ) 2| U|FD| 14 d | NR |NR|JV| M| GRO | BDWT [WO 4.06 78
266 |Suzuki and Yoshida 1979 780 |Rat (Rattus norvegicus ) 4|1 U |FD| 28 d | NR |NR|JV| M| GRO | BDWT [WO 4.58 77
267 |Suzuki and Yoshida 1978 768 |Rat (Rattus norvegicus ) 21 U|FD 9 d | NR |NR|JV| M| GRO | BDWT [WO 5.08 77
268 |Suzuki and Yoshida 1979 780 |Rat (Rattus norvegicus ) 2| U|FD| 14 d | NR |NR|JV| M| GRO | BDWT [WO 5.18 77
269 |Meyer et al 1982 662 |Rat (Rattus norvegicus ) 3] U|[FD| 30 d | NR |NR|JV| M| GRO | BDWT [WO 5.44 78
270 |Lynch et al., 1976 3711 |Cattle (Bos taurus ) 21 U |JOR| 63 d | NR |NR|JV| M| GRO | BDWT [WO 5.74 79
271 |Steibert et al., 1984 544 |Rat (Rattus norvegicus ) 2] U |DR| 170 | d 7 w |JV] F | GRO | BDWT [WO 5.82 72
272 |Ando etal., 1978 801 |Rat (Rattus norvegicus ) 21 U|GV] 2 |mo| 64 d |IV] F | MPH | GMPH | BO 6.13 84
273 |Freundt and Irbahim, 1990 2640 |Rat (Rattus norvegicus ) 2] U|DR| 5 w | NR |NR|AD| F | GRO | BDWT | WO 6.89 72
274 |Nakamura et al., 1983 638 |Rat (Rattus norvegicus ) 2| U|FD]| 11 w | NR |NR|NR| F | GRO | BDWT | WO 9.54 78
275 |Banis et al 1969 3733 |Rat (Rattus norvegicus ) 2|1 U|JFD| 30 d | NR |NR|JV| M| GRO | BDWT [WO 9.70 77
276 |Iguchi and Sano, 1982 556 |Rat (Rattus norvegicus) 31 U [FD 8 w | NR [NR|YO| M | MPH | GMPH | TB 10.0 77
277 |Banis et al 1969 3733 |Rat (Rattus norvegicus ) 2] U |FD 3 W 5 w |JV] B | GRO | BDWT [WO 10.4 77
278 |Eakin et al 1980 659 |Rat (Rattus norvegicus ) 2|1 U|FD| 16 w | NR |NR|IJV]| M| GRO | BDWT |WO 13.2 72
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279 |Kajikawa et al 1981 667 _|Rat (Rattus norvegicus ) 2| U |DR| 91 w | NR |NR|IV]| M| GRO | BDWT |WO 14.7 72
280 |Pond and Walker, 1975 3731 |Rat (Rattus norvegicus ) 2| U|FD| 21 d 12 w |GE| F | GRO | BDWT [WO 16.8 78
281 |Suzuki and Yoshida 1977 574 |Rat (Rattus norvegicus ) 21 U |FD| 10 d | NR |[NR|JV]| M| GRO | BDWT [WO 20.7 77
282 |Van Vleet et al, 1981 149  |Pig (Sus scrofa) 21 U |FD 2 w | NR [NR|JV]| M| GRO | BDWT |WO 75.8 77
283 |Dodds-Smith et al., 1992 440 |Shrew (Sorex araneus) 2|1 U |FD| 12 | w| NR |[NR|JV] B | GRO | BDWT |WO 103 77
284 |[Weber and Reid 1969 677 [Mouse (Mus musculus) 4|1 U |FD 3 w| NR |[NR|IV]| B | GRO | BDWT |WO 571 78

Survival

285 |Wills et al 1981 646 |Rat (Rattus norvegicus ) 31U |FD| 64 w | NR |[NR|JV] B | MOR | MORT |WO| 0.00690 73
286 |Loeser and Lorke, 1977 446 |Dog (Canis familiaris) 51 U | FD 3 |mo| 46 |mo]JV] B | MOR | MORT |WO 1.36 78
287 |Swiergosz et al 1998 506 |Bank vole (Clethrionomys glareolus ) 31U [FD 6 |mo|] 5 |mo|IV]|M]| MOR | MORT [WO 1.87 4.99 84
288 |Mangler et al., 1988 521 |Rat (Rattus norvegicus ) 2] U |DR| 18 |mo| 28 d |IV] F | MOR | MORT | WO 222 74
289 |Loeser and Lorke 1977 754 |Rat (Rattus norvegicus ) 5] U | FD 3 Jmo| NR |NR|JV] B | MOR | MORT |WO 2.53 69
290 |Groten et al, 1991 615 |Rat (Rattus norvegicus ) 2| M|FD| 356 d 5 w |JV] B | MOR | MORT [WO 2.61 83
291 |Baranski and Sitarek, 1987 809 |Rat (Rattus norvegicus ) 51U |GV] 13 W 3 mo|JV] F | MOR | MORT |WO 4.00 40.0 84
292 |Baranski et al, 1983 641 |Rat (Rattus norvegicus ) 41 U |GV] 8 W 3 mo|GE|] F | MOR | SURV |WO 4.00 76
293 |Whelton et al, 1988 625 [Mouse (Mus musculus) 3] U |FDJf 252 | d| 68 d |GE|] F | MOR | MORT | WO 6.61 78
294 |Sutou, et al, 1980 443 |Rat (Rattus norvegicus ) 41U |GV] 6 W 5 w |JV] B | MOR | MORT [WO 10.0 85
295 |Sasser et al, 1985 9321 |Rat (Rattus norvegicus ) 41 U |DR{ 21 d 5 mo|GE|] F | MOR | MORT |WO 10.0 74
296 |Machemer and Lorke, 1981 560 |Rat (Rattus norvegicus ) 41 U | FD 9 d 4 mo|GE|] F | MOR | MORT |WO 12.5 73
297 |Van Vleet et al, 1981 149 |Pig (Sus scrofa) 21 U |FD| 10 w | NR [NR|JV ]| M| MOR | MORT | WO 21.3 77
298 |Seidenberg et al 1986 113 |Mouse (Mus musculus ) 21 U |GV| 4 d | NR |[NR|GE| F | MOR | MORT [WO 41.1 79
299 |Cousins et al., 1973 502 |Pig (Sus scrofa) 51 U |FD 6 W 55 d |IV] M| MOR | MORT | WO 67.3 70
300 |Dodds-Smith et al., 1992 440 |Shrew (Sorex araneus) 2|1 U |FD| 12 | w| NR |[NR|JV] B | MOR | MORT |WO 103 78
301 |Weber and Reid 1969 677  [Mouse (Mus musculus) 41 U |FD 3 w | NR [NR]JV]|] B | MOR | MORT |WO 571 2160 83
302 |Schroeder et al, 1963 14446 [Rat (Rattus norvegicus ) 2] U |DR|{ 6 |mo| 28 d |IV] M| MOR | SURV |WO 0.551 67
303 |Schroeder et al, 1964 14447 [Mouse (Mus musculus) 2| U |DR| 18 |mo| 21 d |IV] B | MOR | SURV |WO 0.620 | 73
304 |Lynch et al., 1976 3711 |[Cattle (Bos taurus ) 21 U |OR| 63 d| NR |[NR|JV]| M| MOR | SURV [WO 5.74 80

AATT= alanine aminotransferase; ACPH = acid phosphatase; ACTP = accuracy of learned behavior; AD = adult; ALAD = (delta) -aminolevulinic acid dehydrogenase; ALPH =
alkaline phosphatase; AVO = avoidance; B = both; BL = blood; BDWT = body weight changes; BEH = behavior; BL = blood; BLPR = blood pressure; BO = bone; BR = brain; bw
= body weight; CALC = calcium; CHM = chemical changes; CREA = creatinine; d- day; DEYO = death of young; DR = Drinking water; DVP = development; ENZ = enyzme
level changes; EY= eye; F = female; FCNS = food consumption; FD = food; FDB = feeding behavior; FDCV = food conversion efficiency; FERT = fertility; FM = femur; FOOD
= food avoidance; G6PG = glucose-6-phosphate dehydrogenase; GBCM = general biochemical changes; GBHV = general behavioral changes; GDVP = general development; GE
= gestation; GENZ = general enzyme changes; GHIS = general histology; GLUC = glucose; GLSN = gross lesions; GMPH = general morphology; GPHY = general pysiology
changes; GPTR = glutamic pyruvic transaminase; GREP = general reproductive effect; GRO = growth; GRS = gross body weight changes; GV = gavage;

HE = heart; HIS = histological changes; HMCT = hematocrit; HMGL = hemoglobin; HRTR = heart rate; HYDR = hydration; HRM = hormone changes; IN = intestinal tract; JV =
ljuvenile; kg = kilograms; KI = kidney; L = liter; LADH = lactate dehydrogenase; LI = liver; LOAEL = lowest observed adverse effect level; mo = months; M = male; M =
measured; MA = mature; MADH = malic dehydrogenase; MCPR = microsomal proteins; MEEN = metabolizable energy; MOR = effects on mortality and survival; MORT =
mortality; MPH = morphology; NCRO = necrosis; NEUT = neutrophil; NMVM = number of movements; NOAEL = No Observed Advese Effect Level; NORE = norephinephrine;
NPHR = nephrosis; NR = Not reported; ODVP = offspring development; OR = other oral; ORW = organ weight changes; ORWT = organ weight changes; P450 = changes in
cytochrome P450; PCLV = packed cell volume; PHOS = phosphate; PHST = phospholipid content, total; PHY = physiology; PL = plasma; POTA = potassium; PRFM = sexual
performance; PROG = progeny numbers/counts; PRTL = protein level; PRWT = progeny weight; PTH = pathology; RBCE = red blood cell count;

REP = reproduction; RRSP = righting response; RSEM = resorbed embryos; SCDH = succinate dehydrogenase; SM = sperm; SM = sexually mature; SMIX = weight relative to
body weight; SODI = sodium; SPCL = sperm cell counts; SR = serum; STIM = response to stimulus; SURV = survival; TB = tibia; TDTH = time to death; TE = testes; TSTR =
testosterone; TEWT = testes weight; TSTR = testosterone; U = unmeasured; UR = urine; UX = measured but values not reported; w = weeks; WCON = water consumption; WO
= whole organism; YO = young; yr = year.

Eco-SSL for Cadmium March 2005




Within the 145 papers there are 304 results for biochemical (BIO), behavior (BEH), physiology
(PHY), pathology (PTH), reproduction (REP), growth (GRO), and survival (MOR) endpoints
with a total Data Evaluation Score >65 that were used to derive the TRV (U.S. EPA 2003;
Attachment 4-4). These data are plotted in Figure 6.1 and correspond directly with the data
presented in Table 6.1. The NOAEL results for growth and reproduction are used to calculate a
geometric mean NOAEL. This geometric mean is examined in relationship to the lowest bounded
LOAEL for reproduction, growth, and survival to derive the TRV according to the Eco-SSL
guidance (U.S. EPA 2003; Attachment 4-5).

A geometric mean of the NOAEL values for reproduction and growth was calculated at 1.86 mg
cadmium/kg bw/day. However, this value is higher than the lowest bounded LOAEL for
reproduction, growth, or mortality results. Therefore, the TRV is equal to the highest bounded
NOAEL below the lowest bounded LOAEL for reproduction, growth, or survival, and is equal to
0.770 mg cadmium/kg bw/day.

6.2 Estimation of Dose and Calculation of the Eco-SSL

Three separate Eco-SSL values were calculated for mammalian wildlife, one for each of three
surrogate receptor groups representing different trophic levels. The mammalian Eco-SSLs
derived for cadmium were calculated according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-5) and are summarized in Table 6.2.

Table 6.2 Calculation of the Mammalian Eco-SSLs for Cadmium

TRV for Food Ingestion Soil Ingestion as Cczl(;llilclei::g?:(;;i(?;
Surrogate Receptor Cadmium Rate (FIR) £es 23 Eco-SSL
Proportion of Type (i) 4
Group (mg dw/kg (kg dw/kg . ) (mg/kg dw)
bw/d) ! bw/d) Diet (P,) (B)
(mg/kg dw)
Mammalian In(B;) =0.546 *
. 0.770 0.0875 0.032 In(Soil,) - 0.475 73
herbivore (vole) i
where 1 = plants
. In(B;)=0.795 *
Mammalian ground 0.770 0.209 0.030 In(Soily) +2.114 0.36
insectivore (shrew) o
where i = earthworms
Mammalian In(B;)=04723 *
. 0.770 0.130 0.043 In(Soil;) - 1.2571 84
carnivore (weasel) i
where i = mammals

! The process for derivation of wildlife TRV is described in Attachment 4-5 of U.S. EPA (2003).
2 Parameters (FIR, P, B, values, regressions) are provided in U.S. EPA (2003) Attachment 4-1 (revised February 20053).
? B, = Concentration in biota type (i) which represents 100% of the diet for the respective receptor.
*HQ =FIR * (Soil, * P, + B)) / TRV) solved for HQ=1 where Soil, = Eco-SSL (Equation 4-2; U.S. EPA, 2003).
NA = Not Applicable
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Figure 6.1 Mammalian TRV Derivation for Cadmium
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Vildlife TRV Derivation Process Data Evaluation Score

1) There are at least three results available for two test species within the growth, reproduction, and mortality effect groups.
There are enough data to derive a TRV.

2) There are three NOAEL results available within the growth and reproduction effect groups for calculation of a geometric mean.
4) The geometric mean is equal to 1.86 mg cadmium /kg bw/d but is higher than the lowest bounded LOAEL for results within the reproduction, growth, and survival (MOR) effect groups.
5) The mammalian wildlife TRV for cadmium is equal to 0.770 mg cadmium/kg bw/day which is the highest bounded NOAEL lower than the lowest bounded LOAEL for reproduction, growth, or survival.
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Estimates for Kernel Cadmium Level in Sunflower. Crop Sci. 35[4], 1015-1019

Li, Y. M., Chaney, R. L., Schneiter, A. A., Miller, J. F., Elias, E. M., and Hammond, J. J. 1997.
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217-222

Medici, J. C. and Taylor, M. W. 1967. Interrelationships Among Copper, Zinc and Cadmium in the
Dicet of the Confused Flour Beetle. J Nutr 93, 307-309

Meharg, A. A., Shore, R. F., Weeks, J. M., Osborn, D., Freestone, P., and French, M. C. 1997.
Food-Chain Transfers Of Cadmium Released Into A Woodland Ecosystem By A Chemical
Accident. Toxicol Environ Chem 59[1-4], 167-178

Mel'Nicnuk, Y. P., Lishko, A. K., and Kalinin, F. I. 1982. Effect of Cadmium on Synthesis of RNA
Protein and DNA in the Meristem of Pea Radicle During Germination. Fiziol Rast (Sofia or Mose);
Soviet Plant Physiol 29, 655-660

Melsted, S. W., Hinesly, T. D., Tyler, J. J., and Ziegler, E. L. 1977. Cadmium Transfer from
Sewage Sludge-Amended Soil to Corn Grain to Pheasant Tissue. In: R.C.Lochr, (Ed.), Land as a
Waste Management Alternative., Proc.of the 1976 Cornell Agricultural Waste Management
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Tichy, R., Kuzel, S., Riha, V., and Kolar, L. 1993. A Possible Use of Soil Microorganisms for
Bioindication of Cadmium Toxicity to Plants
14887. Environ. Technol. 14[4], 379-384

Tlustos, P., Balik, J., Pavlikova, D., and Szakova, J. 1997. The uptake of cadmium, zinc, arsenic
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44110], 463-469

Tolle, Duane A., Arthur, Mickey F., Chesson, Jean, and Van Voris, Peter. 1985. Comparison of
pots versus microcosms for predicting agroecosystem effects due to waste amendment.
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Webster, W. S. 1978. cadmium-induced fetal growth retardation in the mouse. Arch Environ.Health. 33(1): 36-
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fetal and maternal uptake. J TOXICOL ENVIRON HEALTH. 24(2): 183-192. Ref ID: 525

Weigel, H. J., Elmadfa, L., and Jager, H. J. 1984. the effect of low doses of dictary cadmium oxide on the
disposition of trace elements (zinc, copper, iron), hematological parameters, and liver function in rats.  Arch Environ
Contam Toxicol. 13(3): 289-96. RefID: 655

Weigel, H. J., lige, D., Elmadfa, 1., and Jager, H. J. 1987. availability and toxicological effects of low levels of
biologically bound cadmium. Arch Environ Contam Toxicol. 16(1). 85-93. Ref ID: 629

Whanger, P. D. and Weswig, P. H. 1970. effect of some copper antagonists on induction of ceruloplasmin in the rat.
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and pup survival and growth for mice fed a cadmium-containing purified diet through six consecutive rounds of
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Whelton, B. D., Peterson, D. P., Moretti, E. S., Dare, H., and Bhattacharyya, M. H. 1997. skeletal changes in
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White, D. H., Finley, M. T., and Ferrell, J. F. 1978. histopathologic effects of dietary cadmium on kidneys and
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exposure in mouse pups. Bull Environ Contam Toxicol. 51(5): 772-779. RefID: 697
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7.5 References Rejected for Use in Derivation of Wildlife TRV

These references were reviewed and rejected for use in derivation of the Eco-SSL. The definition
of the codes describing the basis for rejection is provided at the end of the reference sections.

Drug Antioxidative Biophylactic Agents for Radiation Damage Protection and Therapy. Pct Int. Appl.
40 Pp.
Diss Assimilation of Metals by Sediment-ingesting Invertebrates: Effects of Natural Sediment Qualities

and Intrinsic Metal Characteristics (Metal Uptake, Leptocheirus Plumulosus, Exopolymers,
Assimilation Efficiency). 01658736 Order No: Aad98-41765

Diss Content and Evolution of Cadmium, Cobalt, Chromium, Copper, Nickel, Cadmium, and Zinc in
Soils of L'horta and Ribera Baixa Regions (Valencia) (Spain) Original Title: Contenido Y
Evolucion De Cadmio, Cobalto, Cromo, Cobre, Niquel, Plomo, Cinc En Suelos De Las Comarcas
De L'horta Y La Baixa (Valencia). 01269400
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Diss Ecophysiology of the Common Cockle (Cerastoderma Edule L.) In Southampton Water, with
Particular Reference to Pollution (England). 1092481 Order No: Aaddx-87466

No Oral 1981. The Effect of Oral Cadmium Administration on the Pregnant Rat and Embryo. Nutr. Rev.
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Diss Some Changes Produced in Growth Reproduction, Blood and Urine of Rats by Salts of Zinc with
Certain Observations on the Effects of Cadmium and Beryllium Salts.

Diss A Study of the Chemistry and Mutagenicity of Welding Fume. 910380

FL Abd El-fadil Ibrahim Hassan, H. 1988.influence of the Heavy Metals Cadmium, Cadmium, Zinc,

Manganese, Copper, Mercury and Beryllium on the Glutathione S-transferases in the Rat Liver.
<QOriginal> FEinfluss Der Schwermetalle Pb, Cd, Zn, Mn, Cu, Hg Und Be Blei, Cadmium, Zink,
Mangan, Kupfer, Quecksilber Und Beryllium Auf Die Glutathion-s-transferasen Der Rattenleber

Phys Abdel-rahim, A. G. 1980. Dictary Factors Affecting Selenium Utilization by Animals.  169pp.

Phys Abdel Rahim, A. G., Arthur, J. R., and Mills, C. F. 1986. Effects of Dietary Copper, Cadmium,
Iron, Molybdenum and Manganese on Selenium Utilization by the Rat.  J Nutr. 116(3): 403-11.

FL Abe, H., Urakabe, S., Sugita, M., Shichiri, M., and Suematsu, T. 1973. Environmental Pollution
and Health Problems: Pathophysiology: Interpretation of Physical Disorders Induced by Heavy
Metals. Jap. J. Clin. Med. 31(6): 2017-2026.

FL Abe, Tomoko, Tanaka, Seisuke, and Itokawa, Yoshinori. 1972. Experimental Cadmium Poisoning.
2. Effect of Protein and Calcium Deficiency in Chronic Cadmium Rat Poisoning.  Nippon
Eiseigaku Zasshi. 27(3): 308-315.

In Vit Abel, J., De Ruiter N, and Kuehn-velten, W. N. 1991. Comparative Study on Metallothionein
Induction in Whole Testicular Tissue and Isolated Leydig Cells. Arch Toxicol. 65(3): 228-234.
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Alabi, N. S. and Whanger, P. D. 1987. Influence of Dictary Selenium on Metabolism of Cadmium
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Ali, A., Krone, P. H., Pearson, D. S., and Heikkila, J. J. 1996. Evaluation of Stress-inducible
Hsp90 Gene Expression as a Potential Molecular Biomarker in Xenopus Laevis.  Cell Stress &
Chaperones 1(1): 62-9.

Ali, M. M., Mathur, N., and Chandra, S. V. 1990. Effect of Chronic Cadmium Exposure on
Locomotor Behaviour of Rats.  Indian J Fxp Biol. 28(7): 653-6.

Ali, Mohamed M., Shukla, Girja S., Srivastava, Ratan S., Mathur, Neeraj, and Chandra, Satya V.
1993. Effects of Vitamin E on Cadmium-induced Locomotor Dysfunctions in Rats.  et. Hum.
Toxicol. 35(2): 109-111.

Ali, Syed Shahid, Khaggah, Farah, Anjum, Farah, and Shakoori, A. R. 1993. Cadmium Toxicity in
the Growing Chicks of Gallus Domesticus. Pak J Zoolog. 25(1): P90(3).

Alva, A. K. 1994. Possible Utilization of Flue-gas Desulfurization Gypsum and Fly Ash for Citrus
Production: Evaluation of Crop Growth Response. Waste Manage. (N. Y.) 14(7). 621-7.

Alvarez Julio L and Vassort Guy(a). 1992. Properties of the Low Threshold Calcium Current in
Single Frog Atrial Cardiomyocytes: a Comparison with the High Threshold Calcium Current.
Journal of General Physiology. 100(3): 519-545.

Amano, Ryohei, Oishi, Shigeo, Enomoto, Shuichi, and Ambe, Fumitoshi. 1996. Comparative
Uptake Behavior of Trace Elements in Normal, Al-overloaded and Cd-overloaded Mice.
Riken Rev. 13, 29-30.

Amano, Ryohei, Oishi, Shigeo, Lit, B., Enomoto, Shuichi, and Ambe, Fumitoshi. Biodistribution of
Trace Elements in Normal, Aluminum-overloaded and Cadmium-overloaded Mice. Ann. Clin.
Lab. Sci. (1996) 26(6). 531-541

Amiard-triquet, C., Pain, D., and Delves, H. T. Exposure to Trace Elements of Flamingos Living in
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a Biosphere Reserve, the Camargue (France).  Environ. Pollut. (1991) 69(2-3): 193-201 .

Amo, H. 1973. Effects of Oral Administration of Cyanide and Heavy Metals in Long Term on
Breeding and Chromosome Analyses of Mice. Nagoya Shiritsu Daigaku Igakkai Zasshi. 24(1):
48-06.

Andersen, O., Nielsen, J. B., and Svendsen, P. 1986. Oral Cadmium Toxicology. Acta
Pharmacol Toxicol . 7(suppl; 59): 44-47.

Andersen, O., Scjafer, L., and Nielsen, J. B. 1992. Diet Composition Determines the
Bioavailability of Cadmium for Intestinal Uptake. ~ 243-250.

Andersen, Ole and Nielsen, Jesper Bo. 1994. Effects of Simultancous Low-level Dietary
Supplementation with Inorganic and Organic Selenium on Whole-body, Blood, and Organ Levels
of Toxic Metalsin Mice. FEnviron. Health Perspect. Suppl.  102(suppl. 3): 321-4 .

Andersen, R. A. and Daae, H. L. 1988. Preparation of Metallothionein from Rat Liver and Studies
of its Properties with Respect to Use as a Standard in Gel Permeation Chromatography,
Polyacrylamide Gel Systems, Autoradiography and Western Blotting. Comparative Biochemistry
and Physiology 90(1): 59-67.

Anderson, C. and Danylchuk, K. D. 1979. Effect of Chronic Low-level Cadmium Intoxication on
the Haversian Remodeling System in Dogs: a Reversible Phenomenon.  Calcif. Tissue Int. 27(2):
121-126.

Anderson, S. H., Dodson, C. J., and Van, Hook R. I. 1976. Comparative Retention of 60co, 109¢d
and 137cs Following Acute And.  Erda/radiological Soc of Am 4th Natl Symp on Radioecology,
Ore.: P321(4).

Ando, M., Matsui, S., Sayato, Y., and Tonomura, M. 1973. Hygienic Chemical Studies on
Poisonous Metal: Ii. Acute and Subacute Toxicity Tests of Cadmium Chloride. J Hyg Chem.
19(2): 65-72.

Ando, Mitsuru. 1982. Cadmium Effect on Microsomal Drug-metabolizing Enzyme Activity in Rat
Livers with Respect to Differences in Age and Sex.  Environ. Res. 27(2): 446-456.

Andreu Perez, Vicente. 1991. Content and Evolution of Cadmium, Cobalt, Chromium, Copper,
Nickel, Cadmium, and Zinc in Soils of L'horta and Ribera Baixa Regions (Valencia) (Spain):
<Original> Contenido Y Evolucion De Cadmio, Cobalto, Cromo, Cobre, Niquel, Plomo, Cinc En
Suelos De Las Comarcas De L'horta Y La Ribera Baixa (Valencia).

Andrews, G. K. Environmental Toxicology Using Transgenic Mouse Models. Crisp Data Base
National Institutes of Health

Andrews S M and Cooke J A. 1982. Cadmium Within a Contaminated Grassland Ecosystem
Established on Metalliferous Mine Waste. Aetals in Animals : 1-77. Chapter Pagination: 11-15,
Mlustr.

Andrews, S. M., Johnson, M. S., and Cooke, J. A. 1984. Cadmium in Small Mammals from
Grassland Established on Metalliferous Mine Waste. Environ. Pollut. Ser. A, Fcol. Biol. 33(2):
153-162.

Anke, M., Dorn, W., Gunstheimer, G., Arnhold, W., Glei, M., Anke, S., and Losch, E. 1998.
Effect of Trace and Ultratrace Elements on the Reproduction Performanceof Ruminants.
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Veterinarni Medicina. 43(9). 272-282.

Anke, M., Groppel, B., Guertler, H., and Gruen, M. 1991. [Macro and Trace Elements]:
<Original> Mengen- Und Spurenelemente. [nvestigations on the Effect of Increasing Cadmium
and Cadmium Supplements to the Diet on Accumulation and Residue Formation in Different
Tissues of Fattening Pigs: <Original> Untersuchungen Ueber Den Einfluss Steigender Blei- Und
Cadmiumzulagen Im Futter Auf Die Kumulierung Und Auf Die Rueckstandsbildung in
Verschiedenen Geweben von Mastschweinen: 382-389.

Anke, M., Groppel, B., Krauter, U., and Muller, M. 1991. Effect of Sulphur, Cadmium and
Molybdenum Pollution in Ruminants and in Man. (33): 421-426.

Anke, M., Groppel, B., Prien, S., Briedermann, L., and Mehlitz, S. 1980. The Supply of Major and
Trace Elements for Wild Ruminants. 4th Communication. The Copper Content of Winter Grazing
and the Copperstatus of Red, Fallow and Roe Deer and Mouflon.  Archiv Fur Tierernahrung.
30(9): 707-721.

Anke, M., Groppel, B., and Schmidt, A. 1987. New Results on the Essentiality of Cadmium in
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Anke, M., Grun, M., Briedermann, L., Missbach, K., Hennig, A., and Kronemann, H. 1979.
Mineral and Trace Element Supplies of Wild Ruminants. 1. Cadmiumcontent of Winter Grazing
and the Cadmium Status of Red Deer, Fallowdeer, Roe Deer and Mouflons.  Archiv Fur
Tierernahrung. 29(12). 829-844.

Anke, M., Hennig, A., Groppel, B., and Ludke, H. 1971. [Effect of Cadmium on Growth,
Reproductive Function and the Metabolism of Iron, Zinc and Copper]: <Original> Der Einfluss Des
Kadmiums Auf Das Wachstum, Die Fortpflanzungsleistung Und Den Eisen-, Zink- Und
Kupferstoffwechsel. Arch Exp Veterinarmed. 25(5): 799-803.

Anke, M., Hennig, A., Groppel, B., and Luedke, H. Effect of Cadmium on Growth, Reproductive
Function, and the Metabolism of Iron, Zinc, and Copper. Arch. Exp. Veterinaermed. (1971)
25(5): 799-803 .

Anke, M, Hennig, A, Schneider, Hj, Ludke, H, von Gargen, W, and Schlegel, H. 1970. The
Interrelations Between Cadmium, Zinc, Copper and Iron in Metabolism of Hens, Ruminants and
Man. In C.f Mills, Ed. Trace Element Metabolism in Animals.. P.317.

Anke, M., Kronemann, H., Groppel, B., and Riedel, E. 1984. Biological Importance of Trace
Amounts of Cadmium for Animals. Wissenschafiliche Zeitschrift Karl-marx-universitat,
Mathematisch-naturwissenschaftliche Reihe. 33(2). 157-165.

Anke, M., Masaoka, T., Arnhold, W., Krause, U., Groppel, B., and Schwarz, S. 1989. The
Influence of a Sulfur Molybdenum or Cadmium Exposure on the Trace Element Status of Cattle and
Pigs. Arch Anim Nutr. 39(7): 657-666.

Anke, M., Masaoka, T., Groppel, B., Zervas, G., and Armhold, W. 1989. The Influence of Sulfur
Molybdenum and Cadmium Exposure on the Growth of Goat Cattle and Pig.  Arch. Anim. Nutr.
39(1-2): 221-228.

Anke, M., Schaeller, G., Arnhold, W, Knorre, D. Von, Mueller, M., Glei, M. and Others. 1992.
Effects of Emissions in the Middle Valley of the Saale on the Composition of Flora and Fauna, 5:
Trace Element Content (Zinc, Lithium, Copper Manganese, Cadmium) of Several Species of Mice
and Shrewmice: <Original> Die Auswirkungen Der Emissionen Eines Phosphatwerkes Im
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Mittleren Saaletal Auf Die Zusammensetzung Der Flora Und Fauna, 5: Der Spurenclementgehalt
(Mangan, Zink, Kupfer, Lithium, Kadmium) Verschiedener Maus- Und Spitzmausarten. Macro
and Trace Elements: <Original> Mengen- Und Spurenelemente : 483-491.
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Baars, A. J., Van Beek H, Spierenburg, T. J., Beeftink, W. G., Niecuwenhuize, J. , Pekelder, J. J.,
and Boom, J. 1988. Environmental Contamination by Heavy Metals and Fluoride in the Saeftinge
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DUPLICATE DATA Studies reporting results that are duplicated in a separate Wildlife

(Dup)

publication. The publication with the earlier year is used.

Plants and Soil Invertebrates




Literature Rejection Categories

Rejection Criteria Description Receptor
Studies of ecological processes that do not investigate
]IEI\?T%%{(?AGCI%%%\IS effects of contaminant exposure (e.g., studies of “silver” Wildlife
(Ecol) fox natural history; studies on ferrets identified in iron Plants and Soil Invertebrates
search).
EFFLUENT Studies reporting effects of effluent, sewage, or polluted Wildlife
(EffD) runoft. Plants and Soil Invertebrates
Studies reporting a result for endpoints considered as
g%I?]IEJ\?SII\ICTAéJIIIJgPOINT ecologically relevant but is not used for deriving Eco-SSLs | Plants and Soil Invertebrates
(ERE) (e.g., behavior, mortality).
Studies reporting what happens to the contaminant, rather
CONTAMINANT than what happens to the organism. Studies describing the Wildlife
FATE/METABOLISM intermediary metabolism of the contaminant (e.g., Plants and Soil Invertebrates
(Fate) radioactive tracer studies) without description of adverse
effects.
FOREIGN LANGUAGE o . Wildlife
(FL) Studies in languages other than English Plants and Soil Invertebrates
FOOD STUDIES Food science studies conducted to improve production of Wildlife
(Food) food for human consumption.
FUNGUS Studies on funous Wildlife
(Fungus) gus. Plants and Soil Invertebrates
GENE Studies of genotoxicity (chromosomal aberrations and Wildlife
(Gene) mutagenicity). Plants and Soil Invertebrates
HUMAN HEALTH . . . Wildlife
(HHE) Studies with human subjects. Plants and Soil Invertebrates
IMMUNOLOGY Studies on the effects of contaminants on immunological Wildlife
IMM) endpoints. Plants and Soil Invertebrates
INVERTEBRATE Studies that investigate the effects of contaminants on Wildlife
(Invert) terrestrial invertebrates are excluded.
IN VITRO In vitro studies, including exposure of cell cultures, Wildlife
(In Vit) excised tissues and/or excised organs. Plants and Soil Invertebrates
Studies administering lead shot as the exposure form.
%LEe ??Sig?T These studies are labeled separately for possible later Wildlife
retrieval and review.
Authors must report that the study was conducted using
natural or artificial soil. Studies conducted in pore water or
MEDIA any other aqueous phase (e.g., hyc_lropon_lc soh_ltlon), filter Plants and Soil Invertebrates
(Media) paper, petri dishes, manure, organic or histosoils (e.g., peat
muck, humus), are not considered suitable for use in
defining soil screening levels.
?&EGEODS Studies reporting methods or methods development Wildlife
without usable toxicity test results for specific endpoints. Plants and Soil Invertebrates
Studies examining the minerals required for better
mﬁﬁL REQUIREMENTS production of animals for human consumption, unless Wildlife
there is potential for adverse effects.
Studies that report data for combinations of single
MIXTURE toxicants (e.g. cadmium and copper) are excluded. Wildlife
(Mix) Exposure in a field setting from contaminated natural soils | Plants and Soil Invertebrates

or waste application to soil may be coded as Field Survey.




Literature Rejection Categories

Rejection Criteria Description Receptor
Studies reporting the use of existing data for modeling,
MODELING i.e., no new organism toxicity data are reported. Studies Wildlife
ode which extrapolate eftects based on known relationships ants and Soil Invertebrates
Model hich late effects based on kn lationshi Pl d Soil I b
between parameters and adverse effects.
Iggﬁc()EI\}I{%AI\/HNANT OF Studies that do not examine the toxicity of Eco-SSL Wildlife
(No COC) contaminants of concern. Plants and Soil Invertebrates
NO CONTROL Studies which lack a control or which have a control that is | Wildlife
o Contro classitied as imnvalid for derivation o S. ants and Soil Invertebrates
No C 1 lassified as invalid for derivation of TRV: Pl d Soil I b
Studies for which results are stated in text but no data is
NO DATA provided. Also refers to studies with insufficient data Wildlife
0 Data where results are reported for only one organism per ants and Soil Invertebrates
NoD h 1 d fi 1 i Pl d Soil I b
exposure concentration or dose (wildlife).
Studies with no usable dose or concentration reported, or
an insufficient number of doses/concentrations are used
based on Eco-SSL SOPs. These are usually identified
NO DOSE or CONC afte_r examination of full paper. This includes stl_ldles Wildlife
(No Dose) which examine effects after exposure to contaminant Plants and Soil Invertebrates
ceases. This also includes studies where offspring are
exposed in utero and/or lactation by doses to parents and
then after weaning to similar concentrations as their
parents. Dose cannot be determined.
NO DURATION Studies with no exposure duration. These are usually Wildlife
(No Dur) identified after examination of full paper. Plants and Soil Invertebrates
NO EFFECT Studies with no relevant effect evaluated in a biological Wildlife
(No Efct) test species or data not reported for eftect discussed. Plants and Soil Invertebrates
NO ORAL Studies using non-oral routes of contaminant
(No Oral) administration including intraperitoneal injection, other Wildlife
injection, inhalation, and dermal exposures.
NO ORGANISM Studies that do not examine or test a viable organism (also | Wildlife
(No Org) or NO SPECIES see in vitro rejection category). Plants and Soil Invertebrates
NOT AVAILABLE Pape;s that cogld_ not be li)catfhd. Cltatlo_n frotm e?ﬁtronlc Wildlife
(Not Avail) searches may be incorrect or the source is not readily Plants and Soil Invertebrates
available.
NOT PRIMARY Papers that are not the original compilation and/or Wildlife
(Not Prim) publication of the experimental data. Plants and Soil Invertebrates
NO TOXICANT No toxicant used. Publ_lcatlon; often report responses to Wildlife
(No Tox) changes in water or soil chemistry variables, e.g., pH or Plants and Soil Invertebrates
temperature. Such publications are not included.
NO TOX DATA Studies where toxicant used but no results reported that Plants and Soil Invertebrates
(No Tox Data) had a negative impact (plants and soil invertebrates).
NUTRIENT Nutrlt_lon_studles reporting no concentration related Plants and Soil Invertebrates
(Nutrient) negative impact.
Studies of the effects of nutrient deficiencies. Nutritional
NUTRIENT DEFICIENCY deficient diet is identified by the author. If reviewer is Wildlife
(Nut def) uncertain then the administrator should be consulted.
Effects associated with added nutrients are coded.
Studies examining the best or minimum level of a
&fE)RITION chemical in the diet for improvement of health or Wildlife
maintenance of animals in captivity.
gg%IFT? (1;/I[\IBSI ENT Studies which examine other ambient conditions: pH, Wildlife

(OAC)

salinity, DO, UV, radiation, etc.

Plants and Soil Invertebrates




Literature Rejection Categories

Rejection Criteria Description Receptor
OIL Studies which examine the effects of oil and petroleum Wildlife
(Oil) products. Plants and Soil Invertebrates
Organic matter content of the test soil must be reported by
the authors, but may be presented in one of the following
ways; total organic carbon (TOC), particulate organic
carbon (POC), organic carbon (OC), coarse particulate
organic matter (CPOM), particulate organic matter (POM),
ash free dry weight of soil, ash free dry mass of soil,
OM, pH percent organic matter, percent peat, loss on ignition .
(OM, pH) (LOI), organic matter content (OMC). Plants and Soil Invertebrates
With the exception of studies on non-ionizing substances,
the study must report the pH of the soil, and the soil pH
should be within the range of >4 and <8.5. Studies that
do not report pH or report pH outside this range are
rejected.
Studies which examine the effects of organic metals. This
includes tetraethyl lead, triethyl lead, chromium
picolinate, phenylarsonic acid, roxarsone, 3-nitro-4-
ORGANIC METAL phenylarsonic acid,, zinc phosphide, monomethylarsonic Wildlif
(Org Met) acid (MMA), dimethylarsinic acid (DMA), trimethylarsine ndute
oxide (TMAO), or arsenobetaine (AsBe) and other organo
metallic fungicides. Metal acetates and methionines are
not rejected and are evaluated.
There are a high number of studies in the literature that
expose rats or mice to high concentrations of lead in
2 0 .
LEAD BEHAVIOR OR HIGH drmku_lg water (0. 1 , 1 to 2% solutions) and then (_)bserve
behavior in offspring, and/or pathology changes in the o
DOSE MODELS . Wildlife
(Pb Behav) brain of the_ exposed dam and/or the progeny. Only a
representative subset of these studies were coded.
Behavior studies examining complex behavior (learned
tasks) were also not coded.
PHYSIOLOGY STUDIES Physiology studies where adverse effects are not o
) . . Wildlife
(Phys) associated with exposure to contaminants of concern.
PLANT Studies of terrestrial plants are excluded. Wildlife
(Plant)
PmMATE Primate studies are excluded. Wildlife
(Prim)
The author states that the information in this report has
PUBL AS been published in another source. Data are recorded from | Wildlife
(Publ as) only one source. The secondary citation is noted as Publ Plants and Soil Invertebrates
As.
Derivation of Quantitative Structure-Activity
QSAR Rela_tlon_shlps (QSAR) isa form of _modelmg. QSAR Wildlife
(QSAR) publications are rejected if raw toxicity data are not Plants and Soil Tnvertebrates
reported or if the toxicity data are published elsewhere as
original data.
REGULATIONS Regulations and related publications that are not a primary | Wildlife
(Reg) source of data. Plants and Soil Invertebrates
Studies in which the data reported in the article are not
v i e o ewarh oy e e |
(Rev) P P P ) Plants and Soil Invertebrates

These publications are reviewed manually to identity other
relevant literature.




Literature Rejection Categories

Rejection Criteria Description Receptor
SEDIMENT CONC Studies in which the only exposure concentration/dose Wildlife
(Sed) reported is for the level of a toxicant in sediment. Plants and Soil Invertebrates
SCORE Papers in which all studies had data evaluation scores at or
(Score) lower then the acceptable cut-oft (<10 of 18) for plants Plants and Soil Invertebrates
and soil invertebrates).
SEDIMENT CONC Studies in which the only exposure concentration/dose Wildlife
(Sed) reported is for the level of a toxicant in sediment. Plants and Soil Invertebrates
SLUDGE Studies on the effects of ingestion of soils amended with Wildlife
sewage sludge. Plants and Soil Invertebrates
SOIL CONC Studies in which the only exposure concentration/dose Wildlife
(Soil) reported is for the level of a toxicant in soil.
SPECIES Studies in which the species of concern was not a Plants and Soil Invertebrates
terrestrial invertebrate or plant or mammal or bird. Wildlife
STRESSOR Stu_dle_s examining the interaction o_f a stressor (e.g., Wildlife
(QAC) radiation, heat, etc.) and the contaminant, where the effect Plants and Soil Tnvertebrates
of the contaminant alone cannot be isolated.
SURVEY Studies reportlng _the toxicity of_ a coanm@t in the field Wildlife
over a period of time. Often neither a duration nor an .
(Surv) C Plants and Soil Invertebrates
exposure concentration is reported.
REPTILE OR AMPHIBIAN Studies on reptiles and amphibians. These papers flagged | Wildlife
(Herp) for possible later review. Plants and Soil Invertebrates
UNRELATED Studies that are unrelated to contaminant exposure and o
. Wildlife
(Unrel) response and/or the receptor groups of interest.
WATER QUALITY STUDY . . Wildlife
(Wqual) Studies of water quality. Plants and Soil Invertebrates
YEAST Studies of yeast. Wildlife

(Yeast)

Plants and Soil Invertebrates
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Appendix 5.1 Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRYV)

Cadmium
Page 1 of 2
Ref Exposure Effects Conversion to mg/kg bw/day| Result Data Evaluation Score
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Biochemical
1 | 366 |Cainetal, 1983 Cadmium chloride 100 [Mallard Duck (4nas platyrhychos) 1] 4 Joa3m.2146 me/kgdiet| Y[10[ADL[M[FD] 2w 1 Ja v B]c] Lab [ BlOo [ coM]BMGL] BL| 146 Y[ 1128 [N]0.06295] 0.858 10{10]10]10] 6| 1[4 ]10f10]4]75
2 | 386 |[Blalock and Hill, 1988 Cadmium sulfate 100 [Chicken (Gallus domesticus ) 1| 4 Jor10/20/40 me/kg diet | N [NR[ADL{U[FD| 2 [w] 1 [a [ v [nr]c] Lab [ Blo [com[BMmGL] BL| 100 [ 200 [Y] 02 [nNJo02041] 1.02 204 [10]10f s ]10f 6] 1 ]10[10]10[ 4|76
3 | 433 |Pilastro et al, 1993 Cadmium chloride 100 [Starling (Sturnus vulgaris) 1| 3 Jorross0 me/kg diet | N [NR[ADL] U[FD| 22 [ w [NR[NR[AD[ B[] Lab [ Blo[ENnz [cyTec | L1 | 100 [ 500 [ Y] 00742 [N] 00107 | 1.44 721 [10]10f s ]wofe6] 1] 8[10]6f4]70
4 | 25893 [Congiu et al, 2000 Cadmium chloride 100 [Starling (Sturnus vulgaris) 1| 3 fo10.27/55.23 ug/g diet | N[NR[ADL[M[FD| 22 [ w [NR[NR[MA] B[ | 1ab | Blo [com| L] 11 [ 10275523 Y[ 00742 [Y [ 00186 | 257 138 |10f10]10]10] 7] 1 [ 8]10f10] 480
5 | 392 [Lefevre ctal, 1982 Cadmium chloride 100 |Chicken (Gallus domesticus ) 1| 3 Jorr0/100 me/kg diet | N [NR[ADL{U[FD] 5 [w] 1 [a [ [nr[c] Lab [ B1O | com|BMCT[ BL| 100 Y| 0186 | Y| 0.018 | 9.68 10f10]5]w| 7] 1[4]w0f10]4]n
6 183 |Di Giulio and Scanlon, 1984  [Cadmium chloride | 61.32[Mallard Duck (4nas platyrhychos ) 1| 4 Jorsor150/450 me/kgdiet | Y [10[ADL] U[FD| 22 [ a [ 11 [mo[ v M| c] Lab [ Blo [caMm| uric [NrR| 150 [ 450 [y 111 [v ][ 0136 12.5 376 [10]10f s Jwof 7] 1 ]1w0f10]10f 4|77
7 3736 [Jordan and Bhatnagar, 1990 Cadmium chloride 61.32|Pekin Duck (Anas platyrhynchos) 1] 2 |0/80 mg/kg diet | N |[NR| ADL| U |FD| 12 |w | 7 |mo[JV| F | C| Lab | BIO | ENZ| GSTR | LI 80.0 | N 1.1 N | 0.06193 2.76 10110 5|10 S| 1| 4])10]10]| 4 |69
8 | 429 [Donaldson, 1985 Cadmium sulfate 100 |Chicken (Gallus domesticus ) 1] 2 Jorso me/kg diet | N [NR|ADL{ U[FD| 3 [w| 1 [a v ][M]c] Lab | Bio [ cam]| NEFA | BL 600 [ Y| 0349 [ N]0.02033 504 |10]10] 510l 6 1] 4]10]10]4]70
9 | 7011 |Freeland and Cousins, 1973  |Cadmium chloride 100 |Chicken (Gallus domesticus ) 1] 2 o7s me/kg diet | N [NR[ ADL| U [FD w| 1 [d[rv][Mm[c] Lab | Bro [cam|mMcT | BL 750 [Y] o1 [n] 0013 975 [10]10f s J1of 6] 1] 4 [10]10[4]70
10 | 371 |Richardson et al, 1974 Cadmium chloride 100 [Japanese Quail (Coturnix japonica) 1] 2 o7s me/kg diet | N [NR|ADL{ U[FD| 4 [w] 1 [a v [ B[] Lab | Blo [cam|[EnMcT | BL 750 [ Y| 0062 | N]o.00952 115 |10f10]5]w] 6] 1[4]10f10]4]70
11 | 6468 |Rama and Planas, 1981 Cadmium sulfate 100 |Chicken (Gallus domesticus ) 1| 2 Jor100 me/kg diet | N [NR|DLY[ U[FD| 2 [w| 1 [a [ v [nr]c ] 1ab | Blo [cam|EnMeT | BL 100 [Y|[ o1 [N] 0013 130 |10f10]5]w] 6] 1[4]10f10]4]70
12 | 80 |Van Vieetetal, 1981 Cadmium sulfate 100 |Duck (4nas sp.) 1| 3 o100 me/kg diet | N [NR|ADL] U [FD[ 15[ d [NR[NR v [ M| ] 1ab [ Blo [ Enz [ cipx | BL 100 [ N[ 0092 [N]0.01231 134 |10f10] 51w 5] 1[4]10f10]4]69
13 | 7101 [Spivey etal, 1971 Cadmium chloride 100 [Japanese Quail (Coturnix japonica) 1] 2 o7s me/kg diet | N [NR|DLY[ U[FD| 2 [w| 1 [a [ v [nr]c ] 1ab | Blo [cam|EnMeT | BL 750 [ Y| 0.031 | N]o.00606 147 J10f10] 5]1w] 6| 1 [ 4]10f10]4]70
Behavior
14 | 25893 |Congiu et al, 2000 Cadmium chloride 100 [Starling (Sturnus vulgaris) 1] 3 Jon0.27/55.23 ug/gdiet | N [NR[ADL[M[FD] 22 [ w [NR[NR[MA] B ]| Lab [BEH]FDB | FCNs [wo[ 55.23 Y| 00714 [ Y] 00186 | 14.4 10f10]10]w0] 7] 4[4]1[10]4]70
15 | 396 |White and Finley, 1978 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1| 4 fone15.2210 me/kgdiet | Y [10[ADL|{M[FD[ 90 [ d [ 1 [y [aD[ B[ V] Lab [BEH]|FDB | Fens [wo[ 210 Y[ 1153 [Y] 0.088 16.9 10f10]10]w] 7] 4[4]1[6]4]66
16 | 399 |White etal 1978 Cadmium chloride 100 |Mallard (4nas platyrhynchos ) 1| 4 fone15.2210 me/kgdiet | Y [10[ADL|{M[FD[ 90 [ d [ 1 [y [aD[ B[ V] Lab [BEH]|FDB | Fens [wo[ 210 Y| 1153 [Y]| o1l 21.1 10f10]10]w0] 7] 4[4]1[10]4]70
17 | 183 |Di Giulio and Scanlon, 1984  [Cadmium chloride | 61.32[Mallard Duck (4nas platyrhychos ) 1| 4 Jorsor150/450 me/kgdiet | Y [10[ADLJ{ U[FD[ 22 d [ 11 [mo[ v [ M| | Lab [BEH]|FDB | Fens [wol 450 Y| 0911 [v] 0122 | 411 10f10]5]w]7]4[4]6f10]4]70
18 | 410 |[Silver and Nudds, 1995 Cadmium chloride 100 |Amercian black duck (Anas rubripes) 1] 2 Jos.s3 me/kg diet | N [NR] ADL|M[FD[106] d [NR [NR[AD[ B [ M[Fielda| BEH | BEH | AcTV [ WO 653 [N] 14 [Y] 00569 0.265 [10]10[10]10[ 6 | 4| 4 [10]10] 4 78
19 | 392 |Lefevre ctal, 1982 Cadmium chloride 100 |Chicken (Gallus domesticus ) 1| 3 Jorr0/100 me/kg diet | N [NR[ADL{ U[FD] 5 [w| 1 [a[1v[nr[c] Lab [BEH|FDB | Fons [wo 100 | Y| 0284 | Y] 0.0201 0.708 [10] 10| s |1of 7] 4| 4 [10]10] 4|74
20 | 5265 [Fadil and Magid, 1996 Cadmium chloride | 61.32[Chicken (Gallus domesticus) 1| 3 Jorr0/100 me/l. |[N|NR[ADL[U[DR[30[ a1 [a[w][nr]c] 1ab [BEH|FDB [Wcon|wo 100 | N| 0.0397 | N |0.00679 105 |10l 5] 5w 5] 4[4]10f10]4]67
21 | 807 [sell, 1975 Cadmium chloride 100 |Chicken (Gallus domesticus ) 1] 2 Jorso me/kg diet | N [NR|ADL| U[FD| 6 [ d [ 16 [mo[1B] F [ | Lab [BEH|FDB | Fcns [wo 600 [N|] 16 [Y]| 0.064 240 [10]10] 510l 6] 4] 4[10]10[4]73
22 | 8500 [Bafundo etal. 1984 Cadmium chloride 100|Chicken (Gallus domesticus) 1| 2[ois me/kg diet | N [NR[ADL{U[rD[ 14 [ d [ 8 [a[1v[M][c] Lab [BEH]| FDB | FEFF [ WO 450 [ N| 0288 | N|[0.02588 480 [10]10f s 1o 5] 4] 4[10]10fa]72
23 | 403 [|pritd etal, 1974 Cadmium carbonate | 100 [Chicken (Gallus domesticus) 1 | 5 10/400/600/800/1000 mg/kg diet | N [NR[ADL|{ U|¥FD[ 20| d| 2 | w|[Jv| M| C| Lab | BEH| FDB | FCNS | WO 400 [N] o046 |Y| 0011 957 |10]10] 5 [10] 6| 4] 4 [10][10] 4 |73
Physiology
24 | 375 [Bokori etal, 1996 Cadmium sulfatc | 100 [Chicken (Gallus domesticus) 1] 3 Jo2s7s me/kg diet | N[NR[ADLJ UJFD] 5 [w]1a [ aJav]M][c] 1ab [PHY [ PHY [ FDCV [WO] 250 [ 750 [ Y] 1589 [ NJo0.07868] 1.24 371 J10]10] s Jio[ 6 [ 4 J1oJ10]10] 4 [79]
Pathology
25 | 393 [Mayack et al, 1981 Cadmium chloride 100 [Wood duck (dix sponsa) 1] 4 Jo2.18/7.61/77.85 me/kg diet | N [NRJADLI{M[FD] 12w 1 [w]v]B]c] Lab [P mus [ gais [ K1 | 7.61 [77.85] Y| 05126 [N]0.03767] 0559 | 572 [10]10]10]10] 6 [ 4| 6 [10]10] 4 80
26 | 392 [Lefevre etal, 1982 Cadmium chloride 100 |Chicken (Gallus domesticus ) 1| 3 Jorr0/100 me/kg diet | N [NR[ADL{U[FD] 5 [w| 1 [a [ [nr[c] Lab [PrH|ORW][ORWT|[ LU 100 [ 100 Y| 0284 [v ]| o00201 | 0708 | 708 [10f10]5]1o] 7] 4] s 1of10]4]7s
27 | 375 [Bokori etal, 1996 Cadmium sulfate 100 |Chicken (Gallus domesticus ) 1| 3 for25/75 me/kg diet | N [NR[ADLJ U[FD[ 30 [w|ma [ a v M]c] Lab [prH|ORW] svix [ L1 | 250 750 [ Y] 558 [NJo017823] 0799 | 240 [10]10] s J10] 6 [ 4 [10]10]10] 4 [70
28 | 366 [Cainetal 1983 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1] 4 [oa3m.2146 me/kgdiet | Y [10[ADLI{M[FD[ 12w 1 [a[wv[B[c] Lab [PrH|ORW][ORWT] L1 | 1456 Y[ 1128 [N]0.06295] 0.858 10f10]10]10] 6| 4[4]1[10]4]69
29 | 396 [White and Finley, 1978 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1| 4 fone15.2210 me/kgdiet | Y [10[ADL|{M[FD[ 90 [ d [ 1 [y [aD[ B[ V] Lab [PrH|ORW][ORWT[ K1 [ 152 [ 210 [ Y| 1153 [y | 0088 1.22 169 |10f10]10]10] 7] 4 6 ]10[6]4]77
30 | 433 [Pilastro et al, 1993 Cadmium chloride 100 [Starling (Sturnus vulgaris) 1| 3 Jorross0 me/kg diet | N [NR[ADL{ U[FD| 22 [ w [NR[NR[AD[ B[] Lab [PrH|ORW] smvaix | L1 | 100 [ 500 [y ] 0.0742 [N] 00107 | 1.44 721 [10]10f s 1ol 6] 4] 8f10]e6f4]73
31 | 399 [White etal 1978 Cadmium chloride 100 |Mallard (4nas platyrhynchos) 1| 4 fone15.2210 me/kgdiet | Y [10][ADLIM[FD[ 60 [ d [ 1 [yr[aD[ B[ Vv] Lab [PrH|ORW] svix [ k1 [ 152 [ 210 [Y] 1153 [y | o011 1.53 211 [10]10f10]10] 7 4] 6 [10]10] 4 |81
32 | 25893 [Congiu et al, 2000 Cadmium chloride 100 [Starling (Sturnus vulgaris) 1| 3 fo10.27/55.23 ug/gdiet | N [NR[ADL{M[FD| 22 [ w [NR[NR[MA][ B[ Lab [PrH]ORW] svax | 11 [ 10275523 v [ 00742 [y [ 00186 | 257 138 |10f10]10]10] 7] 4 [ 8 ]10f10]4]83
33 | 183 [Di Giulio and Scanlon, 1984  |Cadmium chloride | 61.32 [Mallard Duck (4nas platyriychos ) 1| 4 Jorsor150/450 me/kgdiet | Y [10[ADLJ U[FD[ 92 [ d [ 11 [mo[ v M| Lab [PrH|ORW][ORWT|[ AR 500 [ 150 [y 122 [v[| 0134 | 3714 112 |10f10] 5 ]1w0] 7] 4 [10]10f[10] 480
34 | 389 [Di Giulio and Scanlon, 1985  |Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1| 3 Jorross0 ug/gdiet | Y[10[ADLJ U 22 d 32w ][Mm][c] Lab [PrH]ORW][ORWT] KI | 500 Y| 1153 [y] o082 | 420 10f10]5]w]7]4[4]8f10]4]72
35 | 366 [Cainetal 1983 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 22 Jonas me/kgdiet| Y [10][ADLI{M[FD[ 12w 1 [a[wv[B]c] Lab [pra]| ms [ neHR | KI 146 | Y| 1128 [nNT]o0.06295 0.858 [10]10[10]10[ 6 | 4| 4 [10]10] 4 78
36 | 818 [Raoetal., 1989 Cadmium chloride | 61.32 |Pekin Duck (dnas platyrhynchos ) 1] 2 Jorso me/kg diet | N [NR[ADL{ U[FD[ 12 [ w | 6 [mo[ W[ F ]| Lab [Pma]| H1s [ciBM| KI 800 [ N[ 312 [nNJo12207 192 |10f10] 51w 5] 4[4]0f10]4]72
37 | 817 [Raoetal, 1989 Cadmium chloride | 61.32 |Pekin Duck (dnas platyrhynchos ) 1] 2 Jorso me/kg diet | N [NR[ADL{ U[FD] 3w | 7 [mo[ W[ F[c] Lab [Pma]| m1s | Gga1s | K1 800 [N] 11 [nNTo0.06193 276 [10]10f s J1of 5] 4] 4[10]10fa]72
38 | 378 [Bokori etal, 1995 Cadmium sulfate 100 |Chicken (Gallus domesticus ) 2 [ 4 [or75/300/600 me/kgdiet | N [NR[ADL{ U[FD| 5 [wl2i [ a [ v M]c] Lab [pma]| m1s | Ggais | k1 750 [ Y] 159 |N|0.07892 371 [10]10f s |10l 6] 4] 4[10]10[4]73
39 | 379 [Bokor, et al, 1995 Cadmium sulfate 100 |Japanese Quail (Coturnix japonica) 1 | 4 Jor75/150/300 me/kg diet | N [NR|ADL] U [FD[ 37 [ d [NR[~NR]sM[ F[c | Lab [pra]| mis | Gais | ps 750 [ Y] 02 | N]0.02041 765 [10]10] 5 ]10[ 6] 4] 4 [10]10[4]73
40 | 371 [Richardson et al, 1974 Cadmium chloride 100 |Vapanese Quail (Coturnix japonica) 2|2 s me/kgdiet | N [NR|ADL{ U[FD| 4 [w] 1 [a v B[] Lab [ PrH|ORW] smix | HE 750 [ Y| 0064 | N]o0.00972 114 |10f10] 5]1w0] 6] 4[4]10f10]4]73
41 | 402 [Richardson and Fox, 1974 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 1] 2 o7s me/kgdiet | N [NR| NR [U[D][ 4 [w] 1[4 Blc]| 1ab [prH| HIS [ GLSN [ IN 750 [ Y| 0.0461 | N]o0.00785 128 |10f10] 5]1w0] 6] 4[4]10f10]4]73
42 | 403 [|prita etal, 1974 Cadmium carbonate | 100 [Chicken (Gallus domesticus) 2| 2 [or700 mg/kg diet | N [NR|ADL| U|FD|[ 20| d | 2 | w M| cC| Lab | PTH|ORW| sMIX | LI 700 [ N]| o046 | N[o0.03511 534 |10]10f 5 ]10] s 4| 410]10]4]72
43 | 80 [van Vieetet al, 1981 Cadmium sulfate 100 |Duck (4nas sp.) 2 [ 2 Jors00 me/kg diet | N [NR| ADL] U [FD| 28 [ ¢ [~R [NR M| c| 1ab [PrH]| HIS [ NCRO [ MU 500 [ N]| 0.092 | N]0.01231 66.9 [10]10] 5 1o 5] 4] 4[10]10fa]72
Reproduction
44 | 398 [Leachetal, 1978 Cadmium sulfate 100 [Chicken (Gallus domesticus ) 2 | 4 Jorz/12/48 ug/gdiet | N[NR[ADLJU[FD][ 12w ] 8 [mo[IB] F]c] Lab [REP| REP [ EGPN [wO[ 120 [ 480 [N] 16 [NJo007903] 0593 | 237 [10]10] s J1o] s J10] 8 J1o]10] 4 |82
45 | 398 [Leachetal, 1978 Cadmium sulfate 100 |Chicken (Gallus domesticus ) 3 [ 4 fo3/12/48 ug/gdiet | N [NR|ADL] U[FD] 12 [mo| 6 [mo[LB] F[c| Lab [ REP| REP [ PROG [WO[ 120 [ 480 [N] 16 [NJo007903] 0593 | 237 [10]10] 5 [10] s J10] 8 [10]10] 4 |82
46 | 375 [Bokori ctal, 1996 Cadmium sulfate 100 |Chicken (Gallus domesticus ) 1| 3 for25/75 me/kg diet | N [NR[ADL{ U[FD[ 30 [ w14 [ a [ M| c] Lab [REP|[ REP [TEWT [ TE| 250 [ 750 [ Y| 558 [n]o17823] 0799 | 240 [10f10] 5 [10] 6 10101010 4 ]85
47 | 396 [white and Finley, 1978 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1| 4 fone15.2210 me/kgdiet | Y [10][ADLI{M[FD[ 90 [ d [ 1 [yr[aD][ F[v] Lab [REP[ REP [ Other [NR| 152 [ 210 [Y] 1153 [Y | o011 1.53 211 [10]10f10]10] 7 [10] 6 [10] 6 [ 4 [83
48 | 399 [white etal 1978 Cadmium chloride 100 |Mallard (4nas platyrhynchos) 1| 4 fone15.2210 me/kgdiet | Y [10][ADLI{M[FD[ 9o [ d [ 1 [yr[aD[ B[ v] Lab [REP [ REP [TEWT [ TE| 152 [ 210 [ Y] 1153 [y ]| o011 1.53 211 [10]10f10]10] 7 [10] 6 [10]10] 4 [87
49 | 389 [Di Giulio and Scanlon, 1985  |Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1| 3 Jorross0 ug/gdiet | Y[10[ADL| U @2 d 32w [M][c] Lab [REP]| REP [ TEWT [ TE | 500 Y| 1153 [y] o082 | 420 10f10] 5w 7]w|[4]3[10]4]73
50 | 807 |[Sell, 1975 cadmium chloride 100 |Chicken (Gallus domesticus ) 1] 2 Jorso me/kg diet | N [NR[ADL|{ U[FD|[ 23 [ d [ 16 [mo[ 1B F [ ¢ | Lab [ REP | REP | PROG [ WO 600 [N|] 16 [Y]| 0.064 240 [10]10] 510 6 |10] 4 [10]10[ 4 |79
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Appendix 5.1 Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRYV)

Cadmium
Page 2 of 2
Ref Exposure Effects Conversion to mg/kg bw/day| Result Data Evaluation Score
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51 378 |Bokori et al, 1995 Cadmium sulfate 100 |Chicken (Gallus domesticus) 2 | 4 [0/75/300/600 mg/kgdiet| N|NR|ADL|U|FD| 5 | w |21 | d|JV|M]|C| Lab | REP | REP | TEDG | TE 750 [ Y] 1.596 | N|]0.07892 371 J10]J10] 5 J1of 6 [10| 4 [10]10] 4 ]79
52 379 |Bokon, et al, 1995 Cadmium sulfate 100 |Japanese Quail (Coturnix japonica ) 1] 4 0/75/150/300 mg/kg diet| N |[NR| ADL| U |FD| 37| d | NR|NR|LB| F | C| Lab | REP | REP | PROG [ WO 750 | Y 0.2 N |0.02041 765 |10]10] 5 J10f 6 [10| 4 [10]10] 4 ]79
53 371 |Richardson et al, 1974 Cadmium chloride 100 |Japanese Quail (Coturnix japonica ) 1] 210/75 mg/kgdiet| N|NR|ADL|U|FD| 6 |w]|] 1 | d|JV|M]|C| Lab | REP | REP | TEWT | TE 750 [ Y| 0.082 [ N]0.01142 104 |10]10] 5 ]10] 6 |10] 4 |10]10] 4 |79
Growth
54 400 |Jacobs et al, 1978 Cadmium chloride 100 |Japanese Quail (Coturnix japonica ) 1] 6 10/62/125/250/500/1000 ug/kg diet | N|NR|ADL|JU|[FD| 7 | d] 7 [ d|IV|B]C| Lab | GRO| GRO | BDWT| WO | 1000 Y| 0.0415 [ Y |0.00517| 0.125 10110 5 J10] 7] 8] 4] 1]10] 4|69
55 356 |Stoewsand et al 1986 Cadmium 100 |Japanese Quail (Coturnix japonica ) 1] 2 ]0/2.00 mg/kg diet| N|NR| ADL|M|FD| 63| d ]| 1 | d]|JV]|B]|C]|] Lab | GRO| GRO|BDWT|WO]| 2.00 N 0.1 N | 0.013 0.260 10]10]10] 4] 5] 8] 4 J10]J10] 4|75
56 392 |Lefevre etal, 1982 Cadmium chloride 100 |Chicken (Gallus domesticus) 1] 3 ]0/10/100 mg/kgdiet| N|NR|ADL|U|FD| 5 |w ]| 1 | d |JV|NR|C| Lab | GRO| GRO|BDWT|[WO| 100 | 100 | Y] 0.284 | Y | 0.0201 0.708 7.08 J10J10] 5 J1of 7 [ 8| 8 [10]10] 482
57 398 |Leachetal, 1978 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 4 ]0/3/12/48 ug/gdiet | NINR|ADL|U([FD| 6 | w| 1 [ d[IV|M|C| Lab [ GRO| GRO|BDWT|WO| 12.0 | 48.0 | Y| 0.619 [ N|0.04259] 0.826 330 J10]J1o] 5 J1of 6 [ 8| 8 [10]10] 4|81
58 366 |Cain et al, 1983 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1] 4 ]0/4.3/9.2/14.6 mg/kgdiet| Y| 10| ADL|M|FD| 12 |w ] 1 | d |JV]| B |C|] Lab | GRO| GRO|BDWT|WO| 14.6 Y 1.128 [ N ]0.06295| 0.858 10/ 10]10]10] 6 | 8 | 4 |10]10] 4 | 82
59 | 1369 [Hill, 1974 Cadmium sulfate 100 |Chicken (Gallus domesticus) 2| 2 |0o/14.6 mg/kgdiet| N|NR|ADL|U|FD| 2 |w] 1 | d]|JV]|B|C]|] Lab | GRO| GRO|BDWT|WO]| 14.6 N|] 0328 [N]0.02817 1.25 101 10] 5 J10] 5] 8 | 4 J10]10] 4 |76
60 375 |Bokori et al, 1996 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 3 ]0/25/75 mg/kgdiet| N|NR|ADL|U|FD| 4 |w ] 14| d|JV|M]|C]| Lab | GRO| GRO|BDWT|WO| 250 | 750 [ Y| 0.828 | N|]0.05147 1.55 466 |10]10] 5 J10f 6 [ 8 [10f{10]10] 4 |83
61 397 |Hill 1979 Cadmium sulfate 100 |Chicken (Gallus domesticus) 4 | 4 ]0/20/40/60 mg/kgdiet| N|NR|ADL|U|FD| 2 |w ] 1 | d|JV]|F|C]|] NR |GRO|GRO|BDWT|WO]| 20.0 | 400 [ N| 0328 | N]0.02817 1.72 344 J10]J10o] 5 J1of s {8 f10f{10]10] 4|82
62 92 [Hill, 1974 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1| 6 |0/20/40/60/80/100 mg/kgdiet| N|NR|ADL|U|FD| 2 |w] 1 | d|JV]|B|C]|] Lab | GRO| GRO|BDWT|WO| 20.0 | 400 [ N| 0328 | N]0.02817 1.72 344 J10]J10o] 5 J1of s {8 f10f{10]10] 4|82
63 389 |Di Giulio and Scanlon, 1985 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1] 3 ]0/10/50 ug/gdiet | Y]J10|ADL|U[FD|{ 42| a |32 |w|[IJV|M|C| Lab [ GRO| GRO|BDWT|WO| 50.0 Y 1.153 [ Y| 0.0872 4.20 101 10] 5 |10] 7] 8 ] 4 |J10]10] 4 |78
64 386 |Blalock and Hill, 1988 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 4 10/10/20/40 mg/kgdiet| N|NR|ADL|U|FD| 2 |w ] 1 | d |JV|NR|C| Lab | GRO| GRO|BDWT|WO| 40.0 Y 0.18 N 10.01906 [ 4.24 101 10] 5 |J10] 6 | 8 ] 4 ] 1]10] 4 |68
65 393 |Mayack et al, 1981 Cadmium chloride 100 |Wood duck (dix sponsa) 1] 4 10/2.18/7.61/77.85 mg/kgdiet | N INR{ADL|M[FD| 12 |w | 1 |w|[JV]B]C| Lab | GRO| GRO|BDWT | WO| 77.85 Y | 0.4988 [ N |0.03701 5.76 10/ 10]10]10] 6 | 8 | 4 ] 1]10] 4|73
66 397 |Hill 1979 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 210/75 mg/kgdiet| N|NR|ADL|U|FD| 2 |w] 1 | d|JV]| F|C]|] NR |GRO|GRO|BDWT|WO]| 75.0 N| 0328 [N]0.02817| 6.44 10110 5 J10] 5| 8] 4| 8]10] 4|74
67 183 |Di Giulio and Scanlon, 1984  |Cadmium chloride 61.32 |Mallard Duck (Anas platyrhychos ) 1| 4 0/50/150/450 mg/kgdiet| Y| 10| ADL| U |FD| 42 | d | 11 |mo|JV| M| C| Lab | GRO| GRO|BDWT|WO| 150 | 450 [ Y 1.11 Y| 0.136 12.5 376 |10]10] 5 J1of 7 [ 8 [10f{10]10] 4 |84
68 | 5265 |Fadil and Magid, 1996 Cadmium chloride 61.32|Chicken (Gallus domesticus) 1] 3 ]0/10/100 mg/L NINR[ADL|U[DR{30 | d| 1 [ d[JV|NR|C| Lab [ GRO| GRO | BDWT | WO 10.0 | N | 0.0397 | N | 0.00679 105 |10] 5| 5 J10] 5] 8] 4 ]10]10] 4|71
69 | 8125 |Hill, 1990 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 2 ]0/60 mg/kgdiet| N|NR|ADL|U|FD| 18| d | 1 | d|JV]| F|C| Lab | GRO| GRO|BDWT | WO 60.0 [ N| 0.564 | N |0.04009 426 J10]10] 5 J1of 5[ 8| 4 [10]10]4]76
70 | 8500 |Bafundo ctal. 1984 Cadmium chloride 100|Chicken (Gallus domesticus) 1] 2]0/45 mg/kgdiet| N|NR|ADL| U |FD| 14| d | 8 | d |JV|M]|C| Lab |GRO | GRO | BDWT [ WO 450 [ N| 0.288 | N ]0.02588 480 J10]J10] 5 J1of s [ 8| 4 f10]10]4]76
71 1369 |Hill, 1974 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 2 ]0/57 mg/kgdiet| N|NR|ADL|U|FD| 2 |w]| 1 | d]|JV]|B|C]| Lab | GRO| GRO|BDWT | WO 57.0 | N 0328 | N|]o0.02817 490 J10J10] 5 J1of 5[ 8| 4 ([10]10]4]76
72 378 |Bokori etal, 1995 Cadmium sulfate 100 |Chicken (Gallus domesticus) 2 | 4 [0/75/300/600 mg/kgdiet| N|NR|ADL|U|FD| 1 |w ] 21| d|JV|M]|C]| Lab | GRO| GRO | BDWT [ WO 750 [ Y| 0484 | N]0.03626 563 [10]10] 5 |10] 6 | 8 | 4 |10]10] 4 [77
73 403  |Pritzl et al, 1974 Cadmium carbonate 100 |Chicken (Gallus domesticus) 1| 5 ]0/400/600/800/1000 mg/kgdiet | N|INR[ADL|U|[FD| 20| d| 2 |w|[JV]|M]C| Lab | GRO| GRO | BDWT| WO 400 [ N 0.46 Y | 0.011 9.57 J10]10] 5 J1of 6 | 8| 4 [10]10] 4 ]77
74 | 7011 |Freeland and Cousins, 1973 Cadmium chloride 100 |Chicken (Gallus domesticus) 1] 210/75 mg/kgdiet| N|NR|ADL|U|FD| 2 |w ]| 1 | d]|JV|M]|C]| Lab | GRO| GRO | BDWT [ WO 750 | Y 0.1 N | 0.013 975 J10]10] 5 J1of 6 [ 8 | 4 [10]10] 4|77
75 371 |Richardson et al, 1974 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 1] 210/75 mg/kgdiet| N|NR|ADL|U|FD| 4 |w]| 1 | d|JV]|B|C]| Lab | GRO| GRO|BDWT | WO 750 [ Y] 0.053 [ N] 0.0086 122 |10]10] 5 |10] 6 | 8 | 4 |10]10] 4 |77
76 402  |Richardson and Fox, 1974 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 1] 210/75 mg/kgdiet| N|NR| NR |U|FD| 4 |w] 1 | d]|JV]|B|C]| Lab | GRO| GRO | BDWT | WO 750 [ Y| 0.0461 [ N |0.00785 12.8 |10]10] 5 |10] 6 | 8 | 4 |10]10] 4 |77
77 | 6468 |Rama and Planas, 1981 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 2 ]0/100 mg/kgdiet| N|NR|DLY|U|FD| 3 |w]| 1 | d |JV|NR|C| Lab | GRO| GRO | BDWT [ WO 100 | Y 0.1 N | 0.013 130 |10]10] 5 |10] 6 | 8 | 4 |10]10] 4 |77
78 395 |Hill, 1980 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 2 ]0/100 mg/kgdiet| N|NR| NR |U|FD| 1 |w ]| 1 | d]|JV] F |C|FieldA| GRO| GRO | BDWT [ WO 100 | N| 0.084 | N| 0.0116 13.8 |10]10] 5 |J10] 5| 8 ] 4 |10] 3] 4|69
79 | 7101 |Spivey etal, 1971 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 1] 210/75 mg/kgdiet| N|NR|DLY|U|FD| 2 |w ]| 1 | d |JV|NR|C| Lab | GRO| GRO | BDWT [ WO 750 [ Y] 0.031 [ N]0.00606 147 |10]10] 5 |10] 6 | 8 | 4 |10]10] 4 |77
Survival
80 375 |Bokori et al, 1996 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 3 ]0/25/75 mg/kgdiet| N|NR|ADL| U |FD| 12 | w ] 14 | d |JV|M]| C| Lab |MOR|MOR | MORT | WO| 75.0 Y| 2925 [N]0.11705{ 3.00 101 10] 5 J10] 6 | 9] 4 |J10]10] 4 |78
81 386 |Blalock and Hill, 1988 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 4 10/10/20/40 mg/kgdiet| N|INR|ADL|U|FD| 3 |w ]| 1 | d |JV|NR|C| Lab |MOR|MOR | MORT | WO| 40.0 Y 0.18 N 10.01906 [ 4.24 10]10] 5 J10] 6 | 9] 4]1]10] 4|69
82 393 |Mayack et al, 1981 Cadmium chloride 100 |Wood duck (dix sponsa) 1] 4 10/2.18/7.61/77.85 mg/kgdiet | N INR{ADL|M[FD| 12 |w | 1 |w|[JV]B]C| Lab |MOR|MOR|MORT | WO| 77.85 Y | 0.4988 [ N |0.03701 5.78 10]10]10]10] 6 | 9] 4] 1]10] 4|74
83 92 [Hill, 1974 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1| 6 |0/20/40/60/80/100 mg/kgdiet| N|NR|ADL|U|FD| 5 |w]| 1 | d]|JV]|B|C]| Lab |MOR|MOR|MORT|WO| 100 N| 0328 [N]0.02817| 8.59 101 10] 5 J10] 5] 9] 4 ]10]10] 4|77
84 403  |Pritzl et al, 1974 Cadmium carbonate 100 |Chicken (Gallus domesticus) 1| 5 ]0/400/600/800/1000 mg/kgdiet | N|INR[ADL|U[FD| 20| d| 2 |w|[JV]M]C| Lab | MOR| MOR|MORT|WO| 400 | 600 | N 0.46 Y | 0.011 9.57 143 |10]10] 5 |10] 6 | 9 |10]10]10] 4 | 84
85 371 |Richardson et al, 1974 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 2|2 |o/75 mg/kgdiet| N|NR|ADL|U|FD| 4 |w] 1 | d]|JV]|B|C]|] Lab |MOR|MOR | MORT|WO]| 75.0 Y| 0.064 [ N]0.00972 10.5 10]10] 5 J10] 6 | 9] 4]1]10] 4|69
86 80 |Van Vlectet al, 1981 Cadmium sulfate 100 |Duck (Anas sp.) 1] 3 ]0/100 mg/kg diet | N INR[ADL| U [FD| 15 ] d | NR|NR[JV|M]C| Lab |MOR|MOR|MORT|WO| 100 N|] 0092 [N]0.01231 13.4 101 10] 5 J10] 5] 9] 4 ]10]10] 4|77
87 | 7101 [Spiveyetal, 1971 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 1] 210/75 mg/kgdiet| N|NR|DLY|U|FD| 2 |w] 1 | d | JV|NR|C| Lab |MOR|MOR | MORT | WO| 75.0 Y| 0.034 [ N]0.00644 14.2 10]10] 5 J10] 6 | 9] 4]1]10] 4|69
88 379 |Bokori, et al, 1995 Cadmium sulfate 100 |Japanese Quail (Coturnix japonica) 1] 4 0/75/150/300 mg/kg diet | N |[INR| ADL| U |FD| 37 | d [ NR|NR|SM| F | C| Lab |MOR|MOR | MORT [WO| 150 | 300 [ Y 0.2 N |0.02041 15.3 306 J10]10] 5 J1of 6 [ 9 [10f{10]10] 4 |84
89 396 |White and Finley, 1978 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1] 4 ]0/1.6/15.2/210 mg/kgdiet| Y| 10| ADL|M|FD| 90| d | 1 |yr|AD| B | V| Lab |MOR|MOR | MORT | WO| 210 Y 1153 [ Y] 0.088 16.9 101 10]10]10] 7] 9] 4 ]10] 6 ] 4|80
90 399 |White ctal 1978 Cadmium chloride 100 |Mallard (4Anas platyrhynchos ) 1] 4 ]0/1.6/15.2/210 mg/kgdiet| Y| 10| ADL|M|FD| 90| d | 1 |yr|AD| B | V| Lab |MOR|MOR | MORT | WO| 210 Y 1153 [ Y] o011 21.1 101 10]10]10] 7] 9] 4 J10]10] 4 | 84
91 378 |Bokori etal, 1995 Cadmium sulfate 100 |Chicken (Gallus domesticus) 2 | 4 [0/75/300/600 mg/kgdiet| N|NR|ADL| U |FD| 4 |w |21 | d|JV|M]|C]|] Lab |MOR|MOR|MORT|WO| 300 | 600 [ Y| 0496 | N]0.03686| 22.3 44.6 J10]10] 5 J1of 6 [ 9 [10[{10]10] 4 |84
92 | 1369 |Hill, 1974 Cadmium sulfate 100 |Chicken (Gallus domesticus) 1] 2 ]0/57 mg/kgdiet| N|NR|ADL|U|FD| 2 |w]| 1 | d]|JV]|B|C| Lab | MOR|MOR | MORT [ WO 57.0 | N 0328 | N|]o0.02817 490 J10J10] 5 J1of s {9 4f10]10]4]77
93 80 |Van Vlectet al, 1981 Cadmium sulfate 100 |Duck (Anas sp.) 2 | 2 [o/500 mg/kg diet | N INR[ADL| U [FD| 28 | d | NR|NR|[JV| M| C| Lab |MOR|MOR | MORT | WO 500 | NJ 0.092 | NJo0.01231 669 |10]10] 5 J1of 5| 9| 4 ([10]10]4]77
Data Not Used to Derive Wildlife Toxicity Reference Value
94 400 |Jacobs et al, 1978 Cadmium chloride 100 |Japanese Quail (Coturnix japonica) 1] 6 10/62/125/250/500/1000 ug/kg diet | N INR|ADLJU|[FD| 7 | d] 7 [ d|JIVv|B]C| Lab | BEH|FDB | FCNS | WO| 1000 Y| 0.0415 [ Y |0.00517| 0.125 10110 5 J10] 7] 4] 4]1]10]4]65
95 389 |Di Giulio and Scanlon, 1985 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1] 3 ]0/10/50 ug/gdiet | Y]10|ADL|U[FD|{ 42| a |32 |w|[IJV|M|C| Lab | BIO |CHM| GLYC| LI | 50.0 Y 1.153 [ Y| 0.0872 4.20 10110 5 J10] 7] 1] 4]3]10] 4 |64
96 | 8500 |Bafundo ctal. 1984 Cadmium chloride 100|Chicken (Gallus domesticus) 1] 2]0/45 mg/kgdiet| N|NR|ADL|U|FD| 14 | d | 8 | d |JV|M]|C| Lab | BIO | CHM| HMGL | BL | 45.0 N| 0288 [ N]0.02588| 4.80 10110 5 J10] 5] 4] 1]1]10] 4|60
97 80 |Van Vlect et al, 1981 Cadmium sulfate 100 |Duck (Anas sp.) 1] 3 ]0/100 mg/kg diet | N INR[ADL| U [FD| 15 | d | NR|NR|[JV|M|C| Lab | PTH| HIS | NCRO | MU| 100 N|] 0092 [N]0.01231 13.4 10110 5 J10] 5] 4] 4]1]10]4]63
98 396 |White and Finley, 1978 Cadmium chloride 100 |Mallard Duck (4nas platyrhychos) 1] 4 ]0/1.6/15.2/210 mg/kgdiet| Y| 10| ADL|M|FD| 90 | d | 1 |yr|AD| B | V| Lab | BIO | CHM|HMCT| BL | 210 Y 1153 [ Y] 0.088 16.9 10]10]10]10] 7] 1] 4]1]6]4]63
99 378 |Bokori etal, 1995 Cadmium sulfate 100 |Chicken (Gallus domesticus) 2 | 4 [0/75/300/600 mg/kgdiet| N|NR|ADL|U|FD| 3 |w |21 ]| d|JV|M]|C]| Lab | BIO | CHM| CALC | BO| 600 Y| 0353 [ N]0.02955 50.2 10]10] 5 J10] 6 ] 1 ] 4]1]10] 4 ]6l
100 | 5265 |Fadil and Magid, 1996 Cadmium chloride 61.32 |Chicken (Gallus domesticus) 1] 3 ]0/10/100 mg/L NINR[ADL|U|[DR{30 | da| 1 | d[JV|NR|C| Lab [ BIO | CHM| RBCE | BL 10.0 | N | 0.0397 | N | 0.00679 105 |10] 5| 5 J10] 5] 1] 4]10]10] 4 |64
All abbreviations and definitions are used in coding stuides are available from Attachment 4-3 of the Eco-SSL guidance (U.S. EPA 2003).
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Appendix 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRYV)

Cadmium
Page 1 of 8
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Biochemical
1 632 |Watanabe et al, 1986 Cadmium chloride 100 |[Mouse (Mus musculus) 6 |0/0.38/1.34/5.62/6.14/149 ug/org/d N [NR | ADL | M | FD 2 yr 7 w|AD | F | C Lab BIO | CHM | HMGL | BL 1.34 5.62 Y | 0.032 | Y | 0.00256 0.042 0176 |10]10]10] 10| 7 1 8 |10]10] 4 | 8
2 655 |Weigel et al 1984 Cadmium oxide 100 |Rat (Rattus norvegicus ) 3 10/2.80/7.15 ug/g diet N [NR | DLY | U | FD| 40 d | NR |NR| SM | M | M NR BIO | CHM | RBCE | BL | 2.80 7.15 N 0.5 N [0.038861 0.218 055 [10]10]) 5 ]J10f 5| 1 ]10]10] 6] 4 [71
3 670 |Cousins et al 1977 Cadmium chloride 100 |Rat (Rattus norvegicus ) 3 10/5/25 mg/kg diet N [NR | ADL [ U|FD] 14 | w | NR |[NR| JV | M| C Lab BIO | CHM | Other | KI 5.00 25.0 Y | 0.385 Y | 0.0206 0.268 1.34 10110 510 7 1 8 |10]10) 4 |75
4 632 |Watanabe et al, 1986 Cadmium chloride 100 _|Mouse (Maus musculus) 5 10/0.48/1.78/1.75/47.1 mg/ko diet N [NR | ADL | M | FD 2 yr 10 w|GE| F|C Lab BIO | CHM | CALC [ BO] 1.75 47.1 Y| 0032 | Y 0.008 0.438 11.8 10]10f{10J10] 711 6110]10] 4178
5 591 |Mitsumori et al., 1998 Cadmium chloride 100 |Rat (Rattus norvegicus ) 5 10/8/40/200/600 mg/kg diet N [NR | ADL | U | FD 2 | mo 5 W IV FlC Lab BIO | CHM | HMGL [ BL | 8.00 40.0 Y 0.3 Y | 00175 0.467 2.33 10]10f 5J10] 711 8 110]10] 4175
6 597 |Whelton et al, 1997 Cadmium chloride 100 _|Mouse (Maus musculus) 3 10/5/50 mg/ko diet NINR | ADL | U|FD] 254 ] d 68 d | GE|F]C Lab BIO | CHM | CALC [FM ] 5.00 50.0 Y | 00358 | Y 0.009 0.548 5.48 10110 5110 7 1 811 ]10) 4175
7 797 _|Bhattahcaryya, 1991 Cadmium chloride 100 |Mouse (Mus musculus) 3 10/5/50 ug/g diet NINR | ADL | U|FD] 252 ] d |70-1000 d | GE| F | C Lab BIO | CHM | CALC [ BO] 5.00 50.0 N [ 0.0353 | N |0.004398 0.623 6.23 10]10] 5 J10] 511 8 11010 4173
8 778 |Kotsonis and Klassen, 1978 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 4 10/0.41/1.09/2.82 mg/d N [NR | ADL [ U|DR] 9 W 70 d JZV M| C Lab BIO | CHM | TOPR [ UR | 0.410 1.09 Y | 0506 | Y | 0.0362 0.810 2.15 101 515110 7 1 |10]10]10] 4 [72
9 677 _|Weber and Reid 1969 Cadmium acetate 100 |Mouse (Mus musculus) 4 10/0.019/0.095/0.186 mg/org/d N [NR | ADL | U | FD 3 w | NR |[NR| JV B lC Lab BIO | CHM | Other [ BO ] 0.0190 | 0.0950 | Y [ 0.0233 | Y | 0.00556 0.815 4.08 10110 5110 7 1 8 11010 4175
10 507 |Kodama et al., 1989 Cadmium chloride 100 |Dog (Canis familiaris ) 6 10/1/3/10/50/100 mg/d N [NR | ADL | UJFDJ] 50 | w 8 mo | JV B|C Lab BIO | CHM | CREA [ UR] 10.0 50.0 Y 12 N [0.529717 0.833 4.17 10]10f 5J10] 611 8110]10] 4174
11 3703 |Doyle etal, 1974 Cadmium chloride 100 _|Sheep (Ovis aires) 5 10/10.8/29.4/59.7/111.2 mg/org/d NINR | ADL | U|FD] 163 ] d 4 mo| JV | M| C Lab BIO | CHM | HMCT | BL | 59.7 111 Y | 6433 Y 1.99 0.928 1.73 10]10f 5 J10] 711 J10fJ10f10]} 4|77
12 443 |Sutou, et al, 1980 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 4 10/0.1/1/10 mg/ke bw/d NINR | DLY [ U|GV] 9 W 5 W JZV M| C Lab BIO | CHM | RBCE | BL 1.00 10.0 Y 0.45 N [0.035637 1.00 10.0 101 8 | 5]10]J10] 1 8 l110[10] 4|76
13 563 |Takashima et al 1980 Cadmium chloride 100 |Rat (Rattus norvegicus ) 4 10/10/50/100 mg/kg diet N INR | ADL | UJFD] 19 Jmo|] NR [NR| JV | M| C Lab BIO | CHM | SODI [FM | 10.0 50.0 Y 0.1 N [ 0.01035 1.04 5.18 10]10] 5]10] 611 8 110[10] 4|74
14 446 |Loeser and Lorke, 1977 Cadmium chloride 100 |Dog (Canis familiaris ) 5 10/1/3/10/30 mg/ko diet N _[NR NR U | FD 3 |mo| 46 |mo| JV B|C Lab BIO | ENZ | ALPH | LI 30.0 Y 10.5 N [0.474651 1.36 10]10f 5J10] 611 4 110]10] 4170
15 650 _|Chetty et al, 1980 Cadmium chloride 100 |Rat (Rattus norvegicus ) 4 10/25/50/100 mg/kg diet N [NR | ADL | U | FD 4 w | NRINR| JVIM]|C Lab BIO | ENZ | GENZ [ LI 25.0 50.0 Y | 02631 | N |0.022024 2.18 4.36 10]10f 5 J10] 6] 1 J10J10|10] 4176
16 22300 |Whanger and Weswig, 1970 Cadmium chloride 100 |Rat (Rattus norvegicus) 5 10/10/25/40/100 mg/ko diet N [NR | ADL | U | FD 8 W 21 d IV B|C Lab BIO | CHM [ GBCM [ BL | 25.0 50.0 N [ 0235 | N |0.020892 2.22 4.45 10]J10f 5 J10] 511 J1ofJ10f10]) 4175
17 710 |Yuyama 1982 Cadmium chloride 100 |Rat (Rattus norvegicus ) 4 10/0.5/2.0/5.0 mg/d N [NR | ADL | U | FD 2 W 5 W JZV M| C Lab BIO | ENZ | Other | KI 0.5 2.00 Y | 0180 | Y | 0.0134 2.65 10.6 10110 5110 7 1 8 11010 4175
18 569 |Zielinska-Psuja et al, 1979 Cadmium chloride 61.32 |Rat (Rattus norvegicus ) 3 |0/8.8/88 mg/ke bw/d N [NR | DLY | U | FD 3 |mo|l] NR I[INR| JV | M| C Lab BIO | HRM [ TSTR [ SR | 8.80 88.0 Y | 0306 | N |0.025955 5.40 54.0 10110 5 J10j10] 1 8110l 6] 4174
19 797 _|Bhattahcaryya, 1991 Cadmium chloride 100 |Mouse (Mus musculus) 3 10/5/50 ug/g diet NINR | ADL | U|FD] 252 ] d |70-1000 d | SM| F | C Lab BIO | CHM | CALC [ BO] 50.0 N [ 0.0353 | N |0.004398 6.23 10]10] 5 J10] 511 4 11010 4 |69
20 25890 |Wlostowski and Krasowska, 1999 Cadmium chloride 100 |Bank vole (Clethrionomys glareolus ) 3 _10/40/80 ug/g diet N INR | ADL |UX|FD| 6 W 1 mo| JV | M| C Lab BIO | CHM | MCPR | LI 40.0 80.0 Y | 00159 | Y | 0.0025 6.29 12.6 10J10J10J10] 7 | 1 f10]10]10] 4 |82
21 629 |Weigel et al 1987 Cadmium 100 |Rat (Rattus norvegicus ) 3 10/0.85/2.25 ug/g diet N [NR | ADL | M | FD 8 w | NR INR| JVIM]|C Lab BIO | ENZ | AATT [ BL 0850 | Y | 0287 | N |0.024623 00720 110]J10f10}] 4] 6] 1 4 110]10] 4 ]69
22 639 _ |Merali and Singhal, 1980 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 3 10/0.1/1.0 mg/ke bw/d N [NR | DLY | U|GV] 45 d 1 d JZV M| C Lab BIO | CHM | GLUC | BL 0100 | Y 0.16 N [0.015232 0100 [10] 8 |10]10]J10] 1 411010} 4 |77
23 753 |Rastogietal 1977 Cadmium chloride 100 |Rat (Rattus norvegicus ) 3 10/0.1/1 mg/ke bw/d N [NR | DLY | U |GV] 30 d 1 d JV INR| V Lab BIO | CHM [ Other [ BR 0100 | Y | 0.104 | N | 0.01069 0100 [10] 8 | 5 110j10] 1 4 110[10) 4|72
24 772 |Bakry etal, 1992 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/0.143/0.561/2.00 mg/ke bw/d N _[NR NR UJGV] 8 w | NR |[NR| JV B lC Lab BIO | CHM | CALC [ FM 0.143 | Y | 020916 | N | 0.018984 0143 [10] 8 |10]10]J10] 1 411010} 4 |77
25 594 |Schumann et al., 1996 Cadmium chloride 100 |Rat (Rattus norvegicus ) 2 |0/10 mg/l N [NR | ADL | U|DR] 7 d 57 d IV IM]|C Lab BIO | CHM | HMGL | BL 10.0 Y | 0.351 Y 0.02 0570 |10 5] 5110 7 1 4 110]10] 4 |66
26 707 _|Dobryszycka et al., 1984 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/0.48 mg/org/d NINR| DLY | U|GV] 3 |mo| 3 mo| AD| B | C Lab BIO | ENZ | LADH | KI 0480 | N | 0462 | N [0.036416 1.04 10 8 f 5]10] 5] 1] 4)10f10] 4 ]67
27 783 |Mitra et al, 1995 Cadium 100 |Rat (Rattus norvegicus ) 2 10/18.08 ug/g diet N [NR | DLY | M | FD 6 W 1 mo| JV INR| C Lab BIO | CHM | PCLV [ BL 18.1 Y 1010825 | N |0.011047 1.85 10]10f{10} 41 611 4 110]10] 4 ]69
28 502 |Cousins et al., 1973 Cadmium chloride 100 |Pig (Sus scrofa) 5 10/50/150/450/1350 mg/ko diet N [NR | ADL | U | FD 6 W 55 d JV | M| C [FieldA | BIO | CHM | HMCT | BL 50.0 Y 353 Y 1.35 1.91 10]10f 5J10] 711 4j10f10] 4171
29 637 _|Rajanna et al, 1984 Cadmium chloride 100 |Rat (Rattus norvegicus ) 4 10/25/50/75 mg/kg diet NINR | ADL | U|FD] 120 ] d 6 W IV IM]|C Lab BIO | CHM | GLUC [ SR 25.0 Y ]0.45925 | N |0.036238 1.97 10]10] 5]10] 611 411010} 4170
30 9321 |Sasseretal., 1985 Cadmium chloride 100 |Rat (Rattus norvegicus ) 4 10/0.69/1.5/2.5 mg/org/d N |[NR | ADL | U|DR| 21 d 5 mo| GE| F | C Lab BIO | CHM | GCHM | LI 0690 | Y 0.25 N | 0.02843 2.76 10]515)10] 7 1 4 110]10]| 4 | 66
31 825 |Wilson et al 1940 Cadmium chloride 100 |Rat (Rattus norvegicus ) 6 [0/0.0031/0.0062/0.0125/0.025/0.05 % in diet N [NR NR U|FD| 100 | d | NR |NR| JV | M ] C Lab BIO | CHM | HMCT | BL 0.00310] Y | 0.225 | N [0.020158 2.78 10110 5 J10] 6] 1 4 110]10] 4 |70
32 615 |Groten et al, 1991 Cadmium chloride 100 |Rat (Rattus norvegicus ) 2 10/30.5 mg/kg diet N [NR | ADL | M| FD] 28 d 5 W A% FlC Lab BIO | ENZ | AATT | PL 30.5 Y | 0195 | N |0.017921 2.80 1011011010 6 | 1 4 11010 4175
33 494 |Osuna and Edds, 1980 Cadmium chloride 100 |Pig (Sus scrofa) 2 10/88 ug/g diet N [NR | ADL | M | FD 2 w | NR [NR| JV | M]C Lab BIO | CHM | HMGL | BL 88.0 Y | 1873 Y 0.73 3.59 101101010 6 | 1 4 110|110 4 |75
34 543 |Steibertetal., 1984 cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/50 mg/L NINR| ADL | U|DR]| 170 ] d | NR [NR| AD | F | C Lab BIO | ENZ | ACPH | LI 50.0 Y | 02798 | Y | 0.0209 3.73 10] 51 5]10] 7 1 4 110]10] 4 |66
35 768 _|Suzuki and Yoshida 1978 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/50 mg/ko diet NINR| ADL | U|FD] 180 ]| d | NR [NR| JV | M| C Lab BIO | CHM | HMGL | BL 50.0 Y | 05788 | N | 0.043828 3.79 10]10] 5110] 611 4 110f10) 4170
36 543 |Steibertetal., 1984 Cadmium sulfate 100 _|Rat (Rattus norvegicus ) 2 10/50 mg/L NINR| ADL | U|DR| 170 ] d | NR [NR| GE | F | C Lab BIO | ENZ | SCDH | LI 50.0 Y | 02798 | Y 0.022 3.93 10] 515110 7 1 4 110]10] 4 |66
37 572 |Suzuki and Yoshida, 1978 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/50 mg/ko diet N [NR | ADL | U|FD| 14 d | NR |[INR| JV | M ] C Lab BIO | CHM | HMGL | BL 50.0 Y 1013906 Y | 0.0113 4.06 10110 5110 7 1 4 110]10) 4|71
38 780 |Suzuki and Yoshida 1979 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 4 10/50/100/200 mg/kg diet N [NR | ADL | U|FDJ] 28 d | NR |[INR| JV | M ] C Lab BIO | CHM | HMGL | BL 50.0 Y | 01991 | N | 0.01823 4.58 10]10] 5J10] 611 411010} 4170
39 21073 _|Chmielnicka and Sowa, 1996 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/4.59 mg/ke bw/d N _[NR NR U |DR| 20 d | NR INR| GE | F | C Lab BIO | CHM | MCPR | LI 4.59 Y 0.2 N [0.023257 4.59 10] 51 5]10j10) 1 4 11010 4 |69
40 780 |Suzuki and Yoshida 1979 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/50 mg/kg diet N [NR | ADL | U|FD| 14 d | NR |[INR| JV | M ] C Lab BIO | CHM | HMGL | BL 50.0 Y | 01343 | N | 0.01319 4.91 10]10] 5J10] 611 411010} 4170
41 25891 |Wlostowski et al, 2000 Cadmium chloride 100 |Bank vole (Clethrionomys glareolus) 3 |0/5000/10500 ug/ke bw/d N [NR | 1perw |[UX|FD| 6 W 1 mo| JV | M| C Lab BIO | CHM | MCPR | KI 5000 | Y 1.05 Y | 0.0029 5.00 10]10]10]10f10} 1 | 4 ]10]10])] 4 |79
42 556 |Iguchi and Sano, 1982 Cadmium chloride 100 |Rat (Rattus norvegicus) 3 10/50/100 mg/kg diet N [NR | ADL | U | FD 6 w | NRINR| YO M| C Lab BIO | ENZ | GENZ [ BO 50.0 Y 0.12 N [0.012024 5.01 10]10f 5J10] 611 4 110]10] 4170
43 824 |Webster, 1978 Cadmium chloride 100 _|Mouse (Maus musculus) 2 10/40 mg/L N [NR | DLY | U|DR] 19 d | NR INR| GE | F | C Lab BIO | CHM | PCLV | BL 40.0 Y | 0.043 | N | 0.005831 5.34 10] 51 5]10]6]1 4 110]10J10( 71
44 19290 |Kadiiska et al, 1985 Cadmium sulfate 53.92 |Rat (Rattus norvegicus ) 2 |0/10 mg/ke bw/d N [NR | DLY | U|DR] 30 d | NR |[NR| JV | M] C Lab BIO | ENZ | P450 | LI 10.0 Y | 0175 | N |0.020624 5.39 10] 51 5]10j10f 1 4 11010 4 |69
45 3711 |Lynchetal, 1976 Cadmium chloride 100 |Cattle (Bos taurus ) 2 10/5.74 mg/ke bw/d N [NR |3perw | U |JOR] 63 d | NR |[INR| JV | M ] C Lab BIO | ENZ | ALAD | BL 5.74 Y 71.4 Y 0.051 5.74 101 8 | 5]10]J10] 1 411010} 4|72
46 583 |Pondetal, 1973 Cadmium chloride 100 |Pig (Sus scrofa) 2 10/154 mg/kg diet N [NR | ADL | U|FD| 29 d | NR |[NR| JV |NR] C Lab BIO | CHM | HMGL | BL 154 N [ 22.019 | N | 0.872442 6.10 10]10] 5 J10] 511 4 11010 4 |69
47 801 |Andoetal., 1978 Cadmium chloride 61.32 |Rat (Rattus norvegicus ) 2 10/10 mg/ke bw/d N INR | DLY [ UJGV] 1 mo| 64 d IV FlC Lab BIO | CHM | CALC [ BO 10.0 N [ 0.156 | N |0.014918 6.13 101 8 |10]10]J10] 1 411010} 4 |77
48 638 |Nakamura et al., 1983 Cadmium chloride 100 |Rat (Rattus norvegicus ) 2 10/200 ug/g diet N [NR | ADL [ U|FD] 11 w | NR INR| NR ]| F | C Lab BIO | ENZ | GPTR [ SR 200 Y | 01678 | Y 0.008 9.54 10110 5110 7 1 4 110]10) 4 (71
49 3733 |Banis etal 1969 Cadmium chloride dihydrate 100 _|Rat (Rattus norvegicus ) 2 10/100 mg/ko diet N [NR | ADL | U|FD| 30 d | NR |[INR| JV | M ] C Lab BIO | CHM | HMGL | BL 100 Y | 0.144 | N |0.013968 9.70 10]10] 5110] 611 4 110f10) 4170
50 3733 |Banis etal 1969 Cadmium chloride dihydrate 100 |Rat (Rattus norvegicus ) 2 10/100 mg/kg diet N [NR | ADL | U | FD 3 W 5 W IV B lC Lab BIO | CHM | HMGL | BL 100 Y | 0.0955 | N | 0.009966 10.4 10]10] 5]10] 611 411010} 4170
51 19496 |Novelli et al, 1998 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 2 10/100 mg/l N INR | ADL [ U|DR] 2 Jmo| 15 W JZV M| C Lab BIO | CHM | PRTL [ UR 100 Y 0.2 Y | 0.02352 12.4 101 515110 7 1 4 110]10] 4 |66
52 574 |Suzuki and Yoshida 1977 Cadmium chloride 100 |Rat (Rattus norvegicus ) 2 10/200 mg/kg diet N [NR | ADL | U|FDJ| 10 d | NR |[INR| JV | M ] C Lab BIO | CHM | HMGL | LI 200 Y | 0100 | N | 0.01035 20.7 10]10] 5J10] 611 411010} 4170
53 677 _|Weber and Reid 1969 Cadmium acetate 100 _|Mouse (Mus musculus) 4 10/5.71/21.6/9.81 mg/org/d N [NR | ADL | U | FD 3 w | NR |NR| JV B lC Lab BIO | ENZ | MADH | LI 5.71 Y 0.01 Y | 0.00414 571 10]110] 5110 7 1 4 110j10f 4 (71
Behavior
54 488 |King etal, 1992 Rock phosphate 100 [Pig (Sus scrofa) 3 10/0.61/1.20 mg/kg diet N INR | DLY | M|FD] 132 ] d | NR [NR| IV FlC Lab | BEH | FDB | FCNS |WO| 1.20 Y 90 Y 1.62 0.0216 10110]10J10f 7} 4 4] 1 ]10] 4 {70
55 685 |Lindetal., 1997 Cadmium chloride 100 _|Mouse (Maus musculus) 2 10/1.24 ug/org/d N INR |1perw|M|FD] 5 w | NR |NR| JV FlC Lab | BEH | FDB | FCNS |WO| 1.24 Y ]10.02125] Y | 0.00343 0.0584 10]10]10]J10f 7 1 4] 411 ]10] 4 (70
56 488 |King etal, 1992 Cadmium chloride 100 |Pig (Sus scrofa) 5 10/0.47/0.86/2.27/4.46 mg/kg diet NINR| DLY | M|FD] 128 | d | NR [NR| JV | M| C Lab | BEH | FDB | FCNS |WO| 4.46 Y 90 Y 1.6 0.0793 10]10]10]J10f 71 4] 4] 1]10] 4 (70
57 776 |Yuhas etal 1979 Cadmium acetate 100 _|Rat (Rattus norvegicus ) 4 10/1/10/100 mg/L N NR | ADL | U|DRJ 13 | w 35 d IV IMIV Lab | BEH | FDB | WCON |WO| 1.00 10.0 Y 0.43 Y | 0.0409 0.0951 0.951 10] 5151517 14181]10]J]10] 4 |68
58 670 |Cousins et al 1977 Cadmium chloride 100 _|Rat (Rattus norvegicus ) 3 10/5/25 mg/kg diet NINR| ADL [ U|FD] 14 | w | NR [NR| JV | M| C Lab | BEH | FDB | FCNS |WO| 5.00 25.0 Y | 0.385 Y | 00193 0.251 1.25 10]10] 5 J1of 7| 4] 8]